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Proceedings of the Transmission Convention — Concluded. 


(Continuation from page 21.) 


MR. RAY. I wish to apologize to the members of the Associa- 
tion for not having this paper in printed form. The printed copies 
were sent, but they have not arrived so that I can distribute them. 
But I will read the paper, and then see that all the representatives 
of the Association have copies distributed to them afterwards. 

Mr. Ray then read the following: 


ARC LIGHTING IN POWER TRANSMISSION SERVICE. 
BY H. W. HILLMAN. 

N considering the subject of arc lamps in connection 
with power transmissions, it is well to first review 
the arc lamp situation of a few years ago, and its re- 
lation at that time to the power transmission com- 
panies’ business. Arc lighting by alternating lamps 

was unknown to the commercial world. Even in the 


time, however, the alternating enclosed arc has been de- 
veloped and made a commercial success, and its relation 
to the power transmission companies throughout the 
country is of such a broad and important character, that. 
the following remarks will be directed particularly to 
alternating enclosed lamps; dividing the subject into two 
divisions: are lamps for interior lighting, and arc lamps 
for street service. 

Let us consider first the weak points which alternating . 
enclosed lamps have possessed in the past and what 
remedies have been successfully applied. 

1. Zyrouble: Yamps have hummed excessively and 
lighting companies have occasionally lost business because 
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Generator room of the Hudson River Power Transmission Company, Mechanicsville, N. Y. This company 
transmits power 18!4 miles for 1500 enclosed arc lamps in daily operation for store, factory, and street illumination. 


laboratory, efforts to produce a noiseless open alternating- 
current lamp, free from a disagreeable chatter when start- 
ing, met with only partial success. ‘Therefore, all alter- 
nating stations, in addition to the power transmissions, 
were forced to adopt direct-current lamps, using large 
alternating motors to drive series-arc machines, for the 
street lighting service. ‘The same class of lamp was used 
quite generally, also, for interior illumination. Since that 


of the annoyance to which their customers have been 
subjected. 

Remedy: ‘The main spools of the lamps have been con- 
structed of vulcabeston, which is a non-metallic sub- 
stance. Any rattling which might be caused by the 
armature striking against the spools creates only a 
slight noise, insufficient to be termed an objectionable 
rattle. 
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The enclosing globe surrounding the carbons has almost 
entirely removed the hum from the arc itself. 

The casing has been so supported that it does not vi- 
brate against the body of the lamp. 
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Aiternating Current Lamp with Reflector. 


Few moving parts and simplicity of construction have 
assisted in relegating to the past the old noisy alternating 
lamp. 

2. Trouble: Disagreeable chatter at starting, common 
in the early days of alternating lamp development. 

Remedy: By the closest attention to this point, a very 
fine cushion effect in the dash-pot has been produced, 
which removes the cause of the trouble. In establishing 
the arc, the carbons are allowed to separate slowly, heat- 
ing up to a certain extent the carbon tips before the full 
length of arc has been formed. In contrast to the old 
method of instantly establishing the arc with cold car- 
bons, a wonderful improvement has been effected. 

3. Trouble: Old lamps were outrageously long, un- 
shapely and lacking in ornamental design, for interior use. 

Remedy: “Elegance, neatness, variety of styles and 
finishes, moderation in size, the harmonious relation 
which the ornamental lamps now bear to the store fixtures 
and surroundings, all join to make the modern lamps a 
grand success for interior lighting. 

4. Trouble: Old lamps designed for only one fre- 
quency and would not operate satisfactorily on circuits of 
varying line voltages. 

Remedy: Vamps of modern manufacture are wound 
for adjustment at any frequency, from 50 to 140 cycles. 
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Particular attention is called to variation in line voltage 
and the consequent effect on lamps. Figure 4 shows a 
recording voltmeter curve, which is representative of the 
fluctuation of the voltage, in connection with the steam 
plant of a central station in New York State. This station 
is now operated by water power, and Figure 5 illustrates 
the daily variation in line voltage for a period of four 
months. 

At the time of changing over to water power, the sta- 
tion had in operation some 200 alternating enclosed arc 
lamps. ‘These lamps were daily subjected to the excessive 
variation in line voltage shown in the record. ‘The con- 
ditions were made more severe by changing the plant over 
to water power during the holiday season, when lamps 
were operated a daily average of from six to eight hours; 
and a large portion of them burned from nine in the 
morning to eleven at night, or approximately 14 hours’ 
operation. 

Notwithstanding these severe conditioas, the lamps op- 
erated with wonderfully good results; not one arc lamp 
customer was lost to the lighting company during this 
trying time and renewal of parts was no more than ordi- 
nary. ‘The lamps are still in service, although improve- 
ments in regulation have been effected, so that the line 
voltage is uniform —in fact, closely approaches the reg- 
ulation secured from the steam 
plant. 

As further evidence that the 
alternating enclosed lamp is 
without question a commercial 
success, we find that upwards 
of 70,000 are in daily use among 
central stations in all sections 
of the country. The annual 
revenue of the electric light 
companies is approximately 
$2,700,000,* representing a 
profit well worth the pains and 
patience incident to the trials 
through which the alternating 
lamps have passed. 

Therefore let us encourage 
power transmission compavies 
to energetically push the alter- 
nating enclosed lamps for inte- 
rior lighting. 

Alternating multiple lamps 
are manufactured for three cur- 
rents: 4 amperes, 290 to 300 
watts; 6 amperes, 420 to 430 
watts, and 7% amperes, 520 tO Hitman on A.-C. ARC Licnt- 
540 watts at lamp terminals. er 
While the 6-ampere size is most 
popular, yet lamps of all three 
sizes are being used freely among the lighting stations. 
Syracuse, N. Y., has in service goo of the 6-ampere 





Mechanism of Alternating 
Current Lamp. 


*The figures are estimated as follows: Average daily operation 3 hours x 
300 days in the year, x average rate 10 cents per kilowatt-hour x 430 watts per 
lamp x 70,000 lamps. 
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type. St. Louis operates 1500 of the 7'%-ampere style. 
Wherever competition from Welsbachs is keen, the 
solicitor of your company should study carefully the 
advantages of the 4-ampere alternating lamp. It should 
be furnished in the single-globe type, and you will find 
that the lamp gives a light of superior character and 
sufficient in volume to be very popular among the mer- 
chants. At a rate of 1o cents per kilowatt-hour, the 
4-ampere lamp can be operated two hours per day for one 
month and the bill to the mefchant will be only $1.50. Is 
this not a wonderful achievement in are lighting, when 
merchants may receive the highest grade of illumination 
known to the art at such reasonable cost for the service? 
Can we wonder that the merchants have been educated to 
the use of light in greatly increased quantities? The arc 
lighting branch of your business has been revolutionized, 
and you should not rest satisfied until the public in gen- 
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eral reaches that degree of education which will demand 
arc lamps so generously distributed that we shall have 
continual daylight and darkness will be no more. 

This brings us then to the subject of street lighting by 
alternating enclosed arcs, and we can well ask the ques- 
tions, ‘‘What degree of satisfaction does the alternating 
lamp offer when used for street lighting?’’ ‘‘Can alter- 
nating lamps be depended upon for replacing 9.6-ampere 
open arcs, which have been in service for years, and where 
the public has been accustomed to the intense light which 
that lamp produces?” ‘‘Is there any reason why, during 
the past 18 months, we should have changed our minds 
and feel that the alternating enclosed lamp is now abso- 
lutely satisfactory for street lighting ?’’ 

There is ample reason why our minds should have been 
changed in the past 18 months. ‘Two years ago, street 
lighting by alternating lamps was not known. It is to 
the Hartford Electric Light Company that all honor and 
thanks are due for the fearless manner in which they 
changed their entire system of 700 lights capacity, throw- 
ing out for all time the old-style system of operating 
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open arc lamps for street service. Two years have gone 
by and sufficient opportunity has been offered for grati- 
fying or displeasing the public officials and citizens in the 
matter of light. We find in the recent Annual Report of 
Street Commissioners to the Common Council of Hartford 
the following extract regarding the new system of street 
lighting: ‘‘The service during the year has been very 
satisfactory, especially during the last half of the year, 
when the average of ‘lights out’ has been equal to 2.2 
lights out all the time. The average for the year is equal 
to 5.5 lights out all the time, on account of which the 
sum of $881.84 has been deducted as a penalty from the 
amounts which would have been otherwise due to the 
electric light company for lighting under its contract. 
We doubt if a more satisfactory showing can be found for 
an equal number of lights covering an eytial number of 
hours’ service.’’ ‘The city of Hartford now has in use 
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747 lamps and the appropriation for street lighting at 
Hartford for the year 1900 is $59,000 or the equivalent of 
$79 per lamp per year. 

The alternating series enclosed lamp will replace a 1o- 
ampere open arc, for a lamp has been designed consuming 
7% amperes and 480 to 500 watts. Our opinion as to its 
light value is not based upon laboratory or factory tests, 
but the lamps have been tried upon the streets of Atlanta 
for months and alongside of the old-style open arcs, with 
the result that they were approved by the Board of City 
Lighting, the members of the City Council, and repre- 
sentatives of the electric light company. 

The degree of satisfaction with which alternating en- 
closed lamps have been received, will be appreciated when 
considering that to date more than 150 central stations 
have adopted the constant-current series-alternating sys- 
tem for street lighting, including 12,000 lights capacity 
and in excess of 200 transformers of all sizes. 

At this point it may be of interest to make reference to 
a few prominent features of the constant-eurrent trans- 
formers. ‘The standard sizes are 25, 50, 75 and 100 lights, 
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manufactured for 60 cycles, 1100 and 2200 volts, 6.6 
amperes. On special orders, 12 installations out of 150 
are for 7% amperes. ‘The installations are mostly on 60- 
cycle circuits, although about 20 systems are for 125 
cycles, while two or three are for 133 cycles. Some sys- 
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Many of these constant-current transformers have been 
installed on two-phase and three-phase circuits, and where 
care has been exercised in installing them, no trouble 
has been experienced from unbalancing of the system. 
Occasionally it happens that only two transformers are 





HILIV.MAN ON A.-C. ARC LIGHTING.—FIGURE 6. 
Crockery Department of Geo. O. Sawyer, Hartford, Conn. Seven floors are lighted with 84 single-globe, 3-ampere 


lamps; each lamp illuminates an area of 400 to 500 sq. ft. 





The manager of this department speaks highly of the light. 





HILL MAN ON A.-C. ARC LIGHTING.—FIGURE 7. 


View in the store of the O’Gorman Company, Providence, R.I. 125 single-globe arc lamps installed. 


tems have been furnished for 50-cycle circuits, although 
but a small number. 

On special order, the primaries can be wound for as 
high as 10,000 volts, and a prominent installation is now 
being made in New England with primaries wound for 
10,200 volts. 


required, and in order to properly install them on a three- 
phase service a special primary winding can be furnished 
for the regular three-phase to two-phase transformation. 
(See Figure 9.) 

The system possesses a great advantage, as it is also 
capable of operating incandescent street lamps in series 
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with the alter.ating arcs, and this practice is now becom- 
ing common. At Woburn, Mass., several hundred incan- 
descent lamps have been operated for the past two years 
on the same circuits with the alternating arcs. The close 
regulation of the transformer gives excellent results from 
incandescent lamps in the way of steady operation and 
long life. 

The 50, 75 and 100 light sizes of transformers are de- 
signed with the well known multi-circuit arrangement for 
dividing the circuits. A 50-light transformer operating 
50 lamps and divided into two circuits, would have only 
2200 volts per circuit. 

Another strong feature of much value in many stations 
is the economy in space which the system offers as com- 
pared with apparatus formerly required for street lamps. 
Figure 8 shows a modern arc plant, where six 50-light 
transformers with 
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per cent. in efficiency as compared with the old system 
mentioned above. 

Assuming that the open arcs consume 475 watts at the 
lamp terminals, the efficiency of 72 per cent. for the old- 
style system would require 660 watts per lamp from the 
alternator. Assuming 475 watts at lamp terminals for 
the 7%4-ampere alternating enclosed: lamp and the above 
mentioned efficiency of 87 per cent., the new lamps would 
requir? only 546 watts per lamp from the alternator, or a 
saving of 114 watts per lamp. The average operation 
being 4000 hours per year, the saving per lamp per year 
would be 456 kilowatt-hours, which represents, at the low 
cost of one-half cent per kilowatt-hour, a saving of $2.28 
per lamp per year, due to the increased efficiency of the 
new system. 

Adding to the above figures an annual saving in 

maintenance of 





aggregate capacity 
of 300 lights require 
but 140 square feet 
of floor space at the 
station or the equiv- 
alent of less than 
one-half a square 
foot perlamp. The 
old apparatus for arc 
lighting demanded 
1400 square f-et for 
only 225 lights ca- 
pacity and the ecor.- 
omy in space is in 
the ratio of roto 1 
without consider- 
ing the 75 addi- 
tional lamps which 
the plant is now ca- 
pable of operating. 

The high effi- 
ciency of the trans- 
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$9.74 per lamp, we 
have a total saving 
of approximately 
$12.02 per lamp per 
year, or a total 
annual saving of 
$6611 for the 550 
lamp outfit. 

The investment 
necessary for chang- 
ing over to the new 
enclosed arc system 
will be paid for in 
about 18 months to 
two years’ time. 
The large size are 
machines are mod- 
ern, and good prop- 
erty, while the syn- 
chronous motors 
will bring a fair 
market price in con- 








former. greatly fa- 
vors the system and 
suggests a compari- 
son of a modern are plant, equipped with this system, 
with an are plant where direct current open arcs are 
being operated from arc machines driven by an alter- 
nating motor. 

Let us assume a plant operating 550 lamps. ‘There 
are three modern 10o0-are light machines and two mod- 
ern 125-are light machines in use, which are driven 
from three 250-kilowatt synchronous motors. A large- 
size alternator furnishes current for the system in addi- 
tion to the other branches of the business. The total 
efficiency of the above arc lighting system at lamp 
terminals might be considered conservatively at 72 per 
cent. 

By abandoning the motors and arc machines, and send- 
ing current from the alternator directly into constant- 
current transformers, the efficiency at the lamp terminals 
would be approximately 87 per cent., or a saving of 15 


HILLMAN ON A.-C. AKC LIGHTING.—FIGURE 8. 
Constant Current Transformers. (Temporary wiring). work. Another 


nection with other 


marked advantage 
is the fact that such stations do not require any increased 
generator capacity, because they are all operating their 
plants from alternating current, which would be available 
for the new system. In round figures, the necessary 
investment for the change, after deducting salvage on 
the motors and arc machines, would be from $10,000 
to $12,000 and would be wiped out in 18 months to 
two years, due to the annual economy of $6600 shown 
above. 

Some station managers may question the annual 
saving in maintenance of $9.74, which has been fre- 
quently referred to in the past, and I will simply 
consider the experience of stations having used the 
enclosed arc system a sufficient length of time to 
appreciate the exact cost of the open and enclosed arc 
systems. 

The following concise statement is representative of 
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the comparative annual cost of maintaining arc lamps 
for street service: 
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tor. He trims 52 street lamps per day, starting at eight 
o’clock in the morning and returning to the station before 
one o’clock in the afternoon. 

A strong feature which should appeal to the station 
manager is the economy due to the smaller number of 
‘‘outages’’ from the enclosed system, resulting in a ma- 
terial reduction of bills from the city, due to ‘‘lamps out.”’ 
The point has been frequently raised that trouble has 
arisen at the mast arm because lamps are raised and low- 
ered each day. Open circuits and grounds are commonly 
located at this point. The enclosed arcs, requiring trim- 
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Connections of Constant Current Transformers on Two and Three Phase Circuit3. 
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Connection of same Transformers for temporary use on one phase of a Three-phase Circuit, 


In connection with the above statement it may be noted 
that 600 enclosed arcs are trimmed by one man as com- 
pared with the employment of six trimmers when the old 
system was in use. 

A small station, where 240 lamps are now operated, 
employs one trimmer who also acts as night inspec- 


ming only once a week, reduce the liability of this trouble 
in the ratio of 7 to 1. 

An interesting question may be raised at this point as 
to the amount of light cut off by reason of the carbon 
deposit on the inner globes; also the expense attached to 
the breakage of inner globes. Is it a large item? 
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Exhaustive tests have been made to determine the 
amount of carbon deposit on inner globes during one 
week’s run, after which time the globe would be replaced 
by a clean one. An interesting test is to operate the lamp 
with an inner globe for ro hours, then use another globe 
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for 20 hours, another for 30 and soon up to 100 hours. 
Some of the tests showed that one globe having been used 
about 30 hours contained as much deposit as the globe 
used 80 hours. ‘The reason seemed to be that the 30-hour 
globe was not properly placed in the globe holder. More 
air was allowed to enter than on the 80-hour globe, and 
the carbon was not so thoroughly consumed. This leads 
up to the point that if care is exercised at the station in 
placing inner globes in the globe holders, the amount of 
carbon deposit on the inner globe can be kept so small as 
to offer no material obstruction to the light at the end of 
one week’s run. 

In.reference to inner globe breakage: Figuring conser- 
vatively, the life of the inner globe was at first rated at 
600 hours, or about six or seven globes per lamp per year 
with average station conditions. Excessive breakage is 
more common where station men have had a limited ex- 
perience with enclosed arcs. Many stations are now op- 
erating on the basis of three globes per lamp per year, or 
about 60 cents for inner globes. 

One reason for the short-life of the inner globe is the 
method of cleaning employed. If the globes are allowed 
to remain in use during several trimmings, or say from 
150 to 250 hours, there is a tendency for the carbon dust 
to be imbedded in the glass to such an extent as to require 
a solution of hydrofluoric acid for removing this deposit. 
Each application of the acid to the glass tends to eat 
away, or consume the glass itself, and in a short time it 
will actually crumble away. 

It is heartily recommended that inner globes be returned 
to the station and cleaned at each trimming when the car- 
bon deposit is so slight as to enable a thorough cleansing 
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of the globe. Too much stress cannot be laid upon this 
point. Figure 10 shows the globe cleaning branch of the 
arc lamp department at Utica, N. Y. H. B. Sweet, the 
superintendent of the company, has devised a scheme for 
brushing out the globe and cleansing it with water at the 
same time. An upright brush is mounted upon a sup- 
porting arm, and belted toa motor. The brush is revolved 
at considerable speed to remove the carbon dust from the 
globe, and at the same time hot or cold water is passed 
through the pipes into the globe. A recent trial was made 
to see how fast the globes could be cleaned by this method. 
At the start the globes were in the wagon-box, having 
been returned to the station. They were taken out, the 
holders removed, and in and hour and twenty minutes 
125 irner globes were cleansed, dried and returned to the 
wagon-box all ready for use the next day. ‘The trimmer 
not only takes care of 125 lamps per day during this 
season of the year, but cleans the globes as referred to 
above. Figure 11 shows the method of testing carbons 
for straightness, diameter and length. As the remainder 
of the upper carbon in the enclosed lamp is used in the 
lower holder for the next run, it is essential that it should 
be of the proper length. The gage on the table is set for 
the right length, and 125 carbo~s may be quickly cut and 
placed in position for the next day’s use. 

Considering the excellent organization of this lamp de- 
partment at Utica, together with the great attention which 
has been paid to little details, we must all feel that the 
above comparative statemeut showing costs of operating 
open and enclosed lamps at Utica is the result of careful 
attention. It may serve as a guide for central station 
managers investigating the economy which may be secured 
by the enclosed arc street system. 
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The managers of power transmissions whose source of 
power is water, may feel at times that because they have 
water their energy costs them nothing, and that care need 
not be exercised in regard to their methods of operat- 
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ing. ‘This is quite erroneous, for in many cases there is 
more reason for exercising care in regard to economy in 
operation in connection with a water power plant than in 
a steam plant. Frequently, the ultimate amount of power 
which is available is fixed by the supply of water, and 
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Series Alternating Lamp. 


while at the first installation of the plant there may be 
ample reserve of water, yet as the business grows they 
necessarily reach that point when the maximum amount 
of power has been’ obtained from their water supply. 
Generally it is impossible to increase this supply as would 
be the case in connection with a steam plant, and it is at 
this point that the economy in the use of energy should 
appeal to power transmission companies. Again, by adopt- 
ing the most economical apparatus, the machinery re- 
quired to drive it is reduced to a minimum; hence the 
investment and maintenance account is likewise reduced 
to a minimum. 

Some of the benefits to the city by reason of the adop- 
tion of the enclosed arc system are mentioned below: 

1. Improvement in the character of the light produced; 
elimination of shadows. 

2. Improvement of the lamp design from an esthetic 
standpoint; decorating, rather than disfiguring, the city’s 
streets. 

3. Larger space illuminated per lamp, with the new- 
style system. 

4. Adoption of reflector, rendering useful a great deal 
of light, otherwise wasted. 

5. The use of city’s streets by trimmers, lessened in 
the ratio of 7 to 1. 

6. Improvement in lamp design affords opportunity 
for maintaining clean globes at reasonable expense, thus 
furnishing the city maximum illumination continuously. 

7. Interruption to service minimized, thus offering 
improvement in the street lighting service in general. 


{Vol. X—No. 2 


The first statement is the one which demands our earnest 
attention. It does not require engineering ability, or 
electrical knowledge to appreciate the absence or existence 
of a shadow beneath the lamp. The public will notice 
this point, and it is a fact which will appeal to the city 
authorities. Beautiful diffusion and most superior street 
illumination has been furnished by the adoption of this 
new method of street lighting. The street lighting branch 
of the electrical industry has been revolutionized, for 
there is no other form of illuminant which is worthy of 
comparison with this new style of electric arc system. 
Mention it freely, and your mayor when retiring from 
office will refer to the fact that during his administration 
the public was furnished with a new system of street 
lighting, which placed the city in a position second to 
none in respect to the illumination of its streets. 

In dwelling upon this point it is not our purpose to dis- 
credit the old-style system of street lighting. When we 
consider that there are upwards of 300,000 of these lamps 
operating every night in the year in all parts of the world, 
it is a proof that the system was the best in its time, and 
answered its purpose well. It 7s our privilege however, 
to bring out strongly the superior advantages which the 
new light possesses. ‘The design of the lamp is such that 
the outer globe fits snugly against the casing. ‘There is 
no opportunity for dirt or dust to reach the inside of the 
outer globe; particles of carbon cannot drop down into the 
outer globe because the arc is surrounded by the inner 
globe. ‘The fact that the arc is not open to the air causes 
the most thorough consumption of carbon, and only car- 
bon dust is deposited on the inner globe. ‘This globe is 
removed and cleaned at each trim, and the highest light 
efficiency is maintained continuously. The use of an opal- 
escent inner globe obviates exrtirely the existence of 
shadow. 

It is difficult to imagine that the outer globes on open 
arc lamps may be taken back to the station and cleaned 
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Trimming Series Alternating Lamp. 


frequently, as it would entail unusual expense. We know 
that they are brushed out at each trimming, but the dirt 
and carbon becomes imbedded in the glass, and it is 
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impossible to remove it with a dry brush; therefore it is 
beyond doubt that the city has been greatly benefitted by 
the new developments and improvement in arc lamps for 
street service. 

Last, but not least, is the subject of candlepower. Will 
the city insist upon the enclosed arcs, producing 2000 
candlepower? It is needless to enter into a lengthy dis- 
cussion at this time in regard to the relative candlepower 
of the open and enclosed arcs. The idea at once suggests 
a long, tedious explanation of curves, representing photo- 
metric tests, and covering lamps of all classes, varying 
from 4 to 6 and 7% ampere alternating enclosed lamps, 
consuming from 300 to 430 and 500 watts, as well as in- 
volving the direct current lamps operating at 3, 4, 5 and 
6.6 amperes, consuming from 300 to 500 watts. Suffice 
to say that difficulty has never arisen in connection with 
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from the low energy lamps, the opinion prevails that it is 
first-class in every particular; then, therefore, the advan- 
tage which the lamp possesses, is that a much larger por- 
tion of the city can be lighted with the same energy 
expended. As an illustration, let us assume a station 


operates 500 street lamps, consuming an average of 480. 


watts each. The total energy required for all lamps 
be 240 kilowatts. With the adoption of the so-called 
low energy lamps, consuming 425 watts each, 65 addi- 
tional lamps might be operated with the same total output 
of 240 kilowatts from the station. It is needless to say 
that the 65 lamps would take care of a great many new 
streets, and would be very convenient for newly-developed 
residential districts. The tendency of the times is to 
use low energy lamps, and to such an extent has this 
point been raised, that requests have actually been made 
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adopting the series alternating enclosed 6.6 ampere lamps 
in place of the old-style half-arc system, and where the 
alternating lamps have replaced the so-called 2000-candle- 
power old-style arcs, it is customary to increase the num- 
ber of lamps; say, approximately 1o per cent., rather than 
furnish a lamp consuming greater energy. ‘The low 
energy arc lamp is destined to secure a prominent position 
in connection with arc lighting of the tuture. 

By a low energy lamp is meant a compromise between 
480 watts and 360, or 400 to 425 watts, which, in the 
form of an enclosed arc, furnishes a light of superior 
character and goodly volume. The popularity of the 
series alternating lamp at 6.6 amperes, and 425 watts, is 
particularly noticeable. 

To those who have inspected the illumination furnished 


for series alternating lamps to operate at 4 amperes, con- 
suming only about 300 watts, although, as yet, no sys- 
tems of this description have been installed. If it is the 
intention of the central station to keep abreast of the 
times, and to maintain a strong competitive position in 
the matter of street lighting, the low energy lamps must 
be carefully considered. It is becoming common practice 
to see other forms of light installed on the streets, and the 
writer has seen some very attractive street lighting by 
Welsbach burners in many sections of the country. While 
it may be difficult to demonstrate that this lighting is as 
good as that furnished by arc lamps, yet the opportunity 
for better distribution, and considerably lower price, 
appeals to city authorities. 

Finally, a careful consideration of the subject of candle 








oe = 


he ato 22. 
—— 


fee 
: oe 


a ne 


STONE 


=. 


eereee See 


SO ae Pg ee 


St aR a, 


—— 





Re IE TTI Rens a 


Call RE NB AAT Ts 


be ee en 





36 THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


power must include the financial or business side of street 
lighting. The duty of the station manager to his stock- 
holders, and the encouragement of dividends on invested 
money, should dictate a careful study of the tendency of 
the times in connection with street lighting. As the 
time draws near for the renewal of contract between the 
city and the lighting company, two particular points are 
inferred, and in some cases suggested: 

1. The city desires to increase the number of lights in 
service. 

2. The city desires to secure a lower price per lamp 
per year. 

On the other hand, the station manager is confronted 
with two important points, this time from the directors of 
the company whose business he is conducting: 
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1. The city increases the number of lamps, because 
the contract price has been reduced. 

2. The annual gross income to the lighting company 
has increased, because of the greater number of lamps in 
service. 

3. The annual net profits of the lighting company 
have increased, because the decrease in the contract price 
per lamp per year has been more than offset by the sav- 
ings effected in energy, and carbons, and trimmings, in 
connection with the series enclosed arc street system. 


THE PRESIDENT. Does anybody want to ask any questions 
about this paper, or are there any observations to be made? 

Mr. Pook. Mr. President, it seems to me that the comparison 
drawn on the question of efficiency is not a fair one. The writer 
has assumed an alternating-current plant, utilizing synchronous 
motors to drive arc machines. While that will apply to a great 
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LIGHTING.—FIGURE 15. 


Iliumination by 6.8 Ampere Open Arc Lamp. 


1. The directors desire that the annual gross income 
shall increase; not decrease. 

2. The directors desire that the annual net profits 
shall increase; not decrease. 

How to meet these points is the question. 

If the stand is taken that the low energy lamp does xo/ 
give a sufficient amount of light, and a lamp of higher 
current capacity must be furnished, causing increased cost 
of operating —for energy, carbons and trimming —then 
it does appear to bea difficult problem to meet the de- 
mands of both the directors and the public. 

But if the station manager can satisfactorily settle on 
the matter of light, and adopt the low energy arcs, the 
most difficult points are cleared away, and the following 
results secured: 


many installations, there are exceptions tothat. In large arc-light 
stations, where they have large units of direct-current series-arc 
lamps, the efficiency would be somewhat higher than quoted in 
the paper. That is to say, if they were driven by high-efficiency 
engines, it would still have the same efficiency of generators and 
obliterate the inefficiency of the motor, and I think that that 
would materially change the relative efficiencies of the system 
somewhat in favor of the old style. 

The question of maintenance I think is a little bit overdrawn, 
because I know, by recent observations, that they are using a 
carbon in the East —a large, flat carbon — which seems objection- 
able at first sight, but they say there are no shadows from it any 
more than there is from a pencil carbon, and the trimming is re- 
duced to one-seventh; that is to say, one trimmer will do seven 
men’s work, and it would seem to put the old series-arc lamp in 
that respect on a.par with the new alternating lamp. The other 
costs, I think, such as globe breakages, and things of that kind, 
in ordinary practice, will run far beyond what they are stated in 
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that paper. In fact, from experience I have had myself with the 
direct-current system, I should say there would be about four times 
that much, and the breakage of handling and smoky carbons and 
burnt globes. It may be a little less on the alternating than on 
the direct current systems. I think, when these things are taken 
into consideration, there would be hardly the advantage shown on 
the new system spoken of. 


Mr. RAy. In reference to the comparison that Mr. Poole has 
made with arc machines operated by synchronous motors, I think 
that if you will remember carefully, the comparison is shown 
there simply in connection with transmission plants, where a 
great many of them have that system of operating arc lamps. 
And then, when you come to make a comparison of an old-style 
steam plant where they have a great many small arc units con- 
nected to a countershafting, you will find that the economy is 
just as much in favor of the enclosed are system as represented in 
Mr. Hillman’s paper. In reference to the maintenance charges, 
I think that the fizures given in the paper are actual figures taken 
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subject from different standpoints. Has anybody a third opinion 
to express ? 


Mr. LIGHTHIPE. I think that you will find the combined ef- 
ficiency of the large alternator and the transformer used for the 
are lights is bound to be greater than the large direct-current 
machine. It is very hard to build an are machine with an efficiency 
above 89 or 89% per cent., or possibly you might reach 90 per 
cent. in a large series direct-current arc machine. It is not 
very difficult to build an alternator to 95 per cent., and the ef- 
ficiency of the transformer probably runs up to 96 and 97 per 
cent., which would give about one per cent. higher efficiency with 
the alternating current. I was East a year ago, at the Convention 
of the National Electric Light Association, when Professor 
Robb read his paper on the Hartford illumination. At that time 
he was just about finishing the changing from the old arc to the 
new one, and during the discussion he pulled out of his pocket a 
letter from the superintendent in which the statement was made 
that the City Trustees of Hartford had made a serious objection 
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Illumination by 7.5 Ampere Alternating Enclosed Arc Lamp. 


rom one of the large central stations as they have given them to 
us, and I personally have compiled the actual figures in several 
large stations on the Pacific Coast with their managers and super- 
intendents, and they compare very closely with those given in 
the paper. I find that the experience of central station com- 
panies, in reference to the breakage of inner globes, is changing 
constantly. As-the trimmers become more and more accustomed 
to trimming long-burning lamps, their globe breakage becomes 
less and less; aud there are a great many things in reference to 
enclosed arc lamps that a trimmer has to learn, just.as a new man 
who commences to trim the old-style open arc lamps has to learn 
how; and I think, where stations have continued handling en- 
closed arc lamps for a length of time, that the maintenance of 
the arc lamp system is reduced all the time. Comparisons that I 
have made in quite a number of large central stations bear out 
those figures very closely; in fact, a great many of them exceed 
those figures in some of our large central stations, taking the figures 
that are given to me by the different representatives of the systems. 

THE PRESIDENT. Mr. Poole and Mr. Ray seem to look at the 


to the change in the quality of the lamp; the new lamp going in 
was, they said, a very poor substitute for the lamp that they had 
been burning for several years before; the idea the Trustees held 
being that the electric light company in Hartford was trying to 
put in a cheaper lamp than they had been running, it giving less 
candlepower, and being unsatisfactory generally. The superin- 
tendent asked for a list of these lamps and the City Trustees sent 
in a list of about nine or ten lamps that they claimed were unsat- 
isfactory, and these nine or ten lamps were practically all that 
were left of the o/d system. 

Pror. Cory. Mr. President, in regard to this matter of ultimate 
efficiency, it seems to me that it depends a good deal upon the 
number of lights to be handled. Mr. Poole’s position, I judge, 
is justifiable when we can operate the lights from individual ma- 
chines. Our direct-current series-arc machines seldom exceed 100 
horsepower in point of power consumption. If we wish to oper- 
ate seven or eight hundred direct-current open arc lamps, we 
necessarily have to have, according to present systems, at least 
six or seven machines in operation, and perhaps one or two in 
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reserve. They are very small units. The only way we can drive 
those is either by countershafting or by individual synchronous or 
induction motors, and I think there is where the increased effi- 
ciency is going to come for alternating-current lamps. The num- 
ber of lamps we can operate from a given alternator is practically 
unlimited, because we can have one single generator, if we like, and 
a transformer system, which is of sufficient capacity to operate 
all these lamps. To be sure, we cannot put 700 lamps on one 
transformer; but the efficiency of the transformer is very high as 
compared with the efficiency of a direct-current generator of equal 
capacity, and certainly, where we have a large number of lamps 
to operate, the efficiency is very much in favor of the alternating- 
current system. 

One thing was mentioned about a difference in the amount of 
time and expense of trimming. The cost of keeping the inner 
globes clean for direct-current enclosed lamps, and for alternating- 
current enclosed lamps, is a very different thing. The amount of 
carbon deposfted in a direct-current lamp is much greater than in 
an alternating-current lamp. It seems to me that a mistake is 
being made about the amount of time and expense which will be 
required to clean the inner globes of alternating-current lamps, 
because it is well known that the amount of carbon deposited is a 
very small fraction in the alternating-current lamp to what it is in 
the direct-current enclosed lamp. In connection with that point 
however, I would like to say that I think the amount of expense 
is perhaps a little greater than has been brought out in the paper. 
I know that the amount of candlepower given by an enclosed 
lamp depends very materially upon the amount of carbon dust. 
We say we have enclosed lamps that will burn 7c hours. Perfectly 
true; but when we come to compare the candlepower of the lamp, 
after it has been operated 70 hours, with carbon dust in the inner 
globe, and the candlepower of the lamp after it has been operated 
only eight hours, it is certainly different. That is where the 
people who use arc lamps for street lighting begin to make the 
first objection. They are very familiar with the bright open arc 
which gives a very large illumination, particularly underneath 
the lamp. 

I happened to be very much interested in this matter, as Mr. 
Ray knows, a little over a year ago, and I attempted to determine 
the degree of illumination at varying distances from the base of 
different arc lamps— alternating-current enclosed, direct-current 
enclosed and the old open arc lamp— and I found what of course 
has been found by others: that the amount of light immediately 
underneath the pole, or underneath the light if it happens to be 
suspended in the street, is greater for the old open arc lamp. But 
when you get 125 feet away from a lamp which is 25 feet above 
the earth, then the amount of light is greater for the enclosed 
lamp. In other words, it tends to more uniformly illuminate a 
larger area than the old open arc lamp. It seems to me that is 
very much in favor of the alternating current lamp for general 
illumination. Still, people when they see old open arc lamps re- 
placed by enclosed lamps cannot forget the very bright light un- 
derneath the pole or underneath the point of support. 

The number of times we have got to trim an alternating-current 
enclosed light for street lighting, depends a good deal upon the 
deposit of carbon dust. I had the good fortune recently, to go 
through a plant where alternating enclosed arc lamps were used, 
and the amount of work in taking out the enclosed globes and 
bringing them back to the station was not very great when you 
come to think about it. In that particular place, the globes were 
cleaned by a rotating brush on a motor, without the use of water, 
and perfectly cleaned; but the lamps were not operated more than 
14 or 16 hours, and then the inner globes were taken out and 
cleaned. 

I wish the author of the paper, Mr. Hillman, had mentioned 
something about the power factor of alternating-current lamps. 
That is something which has been discussed a good deal out here. 
The power factor of the alternating-current lamp is such that we 
- must meet it in our regulation. It is not unity; it is not perhaps 
seven-tenths, as some people try to make us believe; but it is be- 
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tween eight-tenths and eighty-five-hurdredths, and it is something 
which we must be able to handle in our regulation. 


MR. PooLre. The question of power factor enters somewhat 
into the efficiency against the alternating-current arc lamp, as 
well as the regulation. I think that while there are many places 
where the enclosed arc lamp could be used, and is used at the 
present time to very great advantage, I think it has its limitations, 
and if as much energy were expended on developing some large 
unit for the old-style series-arc lighting, I think it would hold its 
own against the new light. As Professor Cory has intimated, the 
illumination at a distance from the enclosed arc lamp using a 
longer arc and less radius shadows, is a very great advantage for 
outside street illumination; but for the interiors, I think it is a 
little hard on the eyes and customers do not take kindly toit. I 
think it has its place, but it will be a long time displacing the old 
style of lamp. 

Mr. RAy. I would like to ask Mr. Poole for some information 
in regard to the long-lived carbon. Is that similar to our old-style 
elliptical carbon that has been used for so many years, or is it 
something new? 

MR. PooLeE. What I have reference to is not the elliptical 
style. It is about five inches wide, and one-fourth of an inch 
thick. It is something like the old Wallace-Farmer lamp, but it 
is a most remarkable thing. I went out and examined it particu- 
larly myself, and when I saw it trimmed in the daytime I felt like 
throwing rocks at it; but I did not. In Philadelphia there are 
about 700 of those lamps in use, and one trimmer takes care of 
all of them. Looking at it from a distance, or even close by, you 
wouldn’t know it from a pencil carbon burning. There is no 
more shadow to it, and the arc doesn’t seem to flutter around as 
would ordinarily be expected. They have experimented a great 
deal, not only on getting a proper thickness for the carbon, but 
also for the relative thickness of top and bottom carbons, and 
they are quite asuccess. The Philadelphia companies are over- 
hauling quite a number of their old lamps, fitting them for the 
flat carbon. The lamps were a revelation to me. At first sight of 
the lamp I would condemn it, but it burns all right. 

Mr. LEE. In the discussion of this lamp, I think that we are 
rather discussing it from the standpoint of this lamp univer- 
sally displacing all other methods of arc illumination. It is very 
much like the discussions which you saw in some of the older 
books and periodicals going back 12 or 15 years ago, as to whether 
the alternator would displace the direct-current machine. The 
result has shown that the alternator has developed a field of its 
own, and, like the new arc lamp, in some respects has filled a 
long-felt want; but nevertheless, the direct-current machine is 
still doing business at the same old stand. In the local plants in 
Marysville and Grass Valley it was found to be economy to use a 
series system—in fact, I think in both plants a series direct-current 
system has been installed. In the case at Marysville, there was a 
synchronous motor to drive the arc machine, entailing the services 
of a man at the sub-station; and at Grass Valley, or somewhere 
near by, they had an old station that the Nevada company had 
taken over, where they had a water wheel driving a direct-current 
series-arc machine. In both those plants they put in the series 
alternating-current system with the constant-current transformer, 
and they have made a considerable saving. There is a saving in 
trimming, and that sort of thing. While the saving is not as 
great as it would be in a large, well-managed plaut such as that 
illustrated in the paper, at the same time there is a saving, and 
there is also a big saving in the attention required. There is no 
motor to look after in the sub-station, and the people and the city 
are satisfied with the light, and the power company is operating 
the lights more economically. In Grass Valley the experience is 
about the same. 

In both those two places I think the lamp we have discussed is 
filling a long-felt want. In large cities, such as San Francisco, it 
is a question probably, as to which would be the more economical ; 
but in some of these small plants, where there are peculiar local 
conditions, it seems to be just what is required, and I think the 
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lamp is a very valuable acquisition to the art as it stands, and is 
doing good work throughout the country. It has its disadvantages. 
It is not perfect by a good deal, but it is a good lamp and is doing 
good work. Probably there will be others out to compete with it, 
and the principle will be modified, or something of that sort. 
There are at present one or two other systems. The Western 
Electric Company has a new one, and a New York concern has a 
system of series-arc, but the series alternating-current arc, I think, 
has shown itself particularly valuable in small places, and in one 
or two large installations, where it was necessary to have a motor- 
driven arc machine, requiring more or less attention —at all 
events more attention than the constant-current transformer or 
transformers of that character. 

Mr. Ray. I would like to give for the benefit of the gentlemen 
of the Convention an illustration of the sales of the different 
classes of lamps during the last year, aS made by the company I 
represent, showing how the trade throughout the country accepts 
the different styles of lamps. 

Taking all lamps sold as 100 for the basis, 14 per cent. repre- 
sents the sales of all classes of open arcs. 

33 per cent. represents all classes of multiple enclosed direct- 
current arcs. 

30 per cent. represents multiple enclosed alternating-current 
arcs. 

10 per cent. represents direct-current enclosed arcs. 

9 per cent. series alternating-current enclosed arcs. 

4 per cent. enclosed, 500-volt, railway. 

These figures give a very fair idea of the sales of one manufact- 
uring company, and would probably be a close index of all manu- 
facturing companies. 

Mr. CLARK. The use of the alternating-current lamp in large 
cities, in city lighting —in St. Louis the street lighting, in great 
part, commercially, for the last three or four years has been en- 
tirely alternating, and the lamp used was the multiple enclosed 
with the alternating current and a few of the old-style open alter- 
nating-current lamps, and about 4o0oo of the lamps which the 
company I was with adapted from the direct-current series to the 
alternating-current series. The percentage of globe-breaking on 
the enclosed lamps, while it decreased very rapidly as men be- 
came accustomed to handling the lamp, was still cousiderably 
above two globes per year per lamp. 

MR. SINCLAIR. While this discussion has been entirely along 
the lines of street lighting by arc lamps, reference has been made 
incidentally to street lighting by series incandescent lights, and I 
want to ask for information: is street lighting of that kind at all 
on the increase? It is our experience in the country towns where 
we are operating, like Pasadena, Redlands and Riverside, that 
the arc lamp is being supplanted by incandescent street lighting 
and is giving very good satisfaction indeed. Of course, our situ- 
ation may be somewhat peculiar in that there is a good deal of 
territory to be covered which could not be covered by arc lamps 
except at an expense that those cities couldn’t stand, and also 
that we have a very large amount of tree growth. Our experience 
in sub-stations in those places is that it is giving very much in- 
creased satisfaction at a lesser price; and I wish to ask, for infor- 
mation, if any one has any knowledge as to whether that style of 
street illumination is being at all extended in towns of similar 
characteristics in the East? 

Mr. Ray. On the question of sales of machinery, I would say 
that it is being increased very rapidly. In the last two or three 
years a great many cities in the East have adopted series incan- 
descent lighting for street work. This has especially been done 
since the automatic transformer you might say — automatic regu- 
lating transformers — has been designed, whereby they can put a 
great many series on one transformer or regulating device, and 
have absolute control of the series systems. One of the great ob. 
jections to the old-style series systems was that a very low economy 
lamp must be used, or else the lamp breakage would be enormous, 
By the use of the transformers, they can use much higher econ- 
omy lamps, keep the lamps from breaking and from being black- 
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ened, and the lamps give more illumination throughout their 
entire life; and, as I say, a great many cities in the East are 
adopting, not necessarily incandescent systems, but a combina- 
tion of the two, so that they use some arc lamps in series and 
incandescent lamps on the same lines, and thus get a combination 
so that they can light one portion of the town, where the trees 
are very thick, with incandescent lights, and another portion, 
where they are not so thick, with arc lights, or make any combi- 
nation they wish, and I think series-incandescent street lighting 
is increasing very rapidly. 

MR. LIGHTHIPE. I think, as Mr. Ray says, that it is a matter 
of combining the two systems that meets the ideal condition of 
illumination of any city. The business portions of the city re- 
quire arc lamps. It wants to be brilliant. The other portions of 
the city — for instance, the residence portion, and the cities where 
the trees are liable to be thick, the incandescent light is the ideal 
illumination. They are set nearer the ground and nearer to each 
other, and the modern system of the alternating regulating trans- 
former enables them both to be run on the same circuit and brings 
the entire municipal lighting under one regulation; and I think 
the modern ideal illumination of all the rural towns would be the 
combined illumination of both are and incandescent. I think 
that is the future municipal lighting entirely. 

MR. SINCLAIR. Along that line, I would say that in Pasadena 
we are using an impedance coil around each lamp, and in Red- 
lands wé are not using anything. We began by operating a 2400- 
volt circuit, 20 lamps in a circuit, four-watt lamp. We had a good 
deal of breakage, although they would turn out’a very fair light. 
We then chanced over and put 40 lamps in a series — 60-volt, four- 
watt lamp, and we burn them right along every night. We use 
arcs in the business section. We are using now somewhere about 
500 or €00 incandescent lamps and they run on an average of 
about seven months to a circuit, and they have to stand whatever 
variation there is there. They are running slightly under voltage. 
The voltage of the lamp is about 118; they are 120-volt lamps. 
We use a single-line wire which has one terminal at the switch- 
board, and the other end is tapped on to one leg of our three-phase 
circuit at its outer end. 

Mr. Hutton. In Sacramento we are using large synchronous 
motors, driving countershafts, and from this belt to large arc ma- 
chines. Why wouldn’t it be better, instead of discarding those 
large Brush are machines, which would perhaps bring a very small 
amount for salvage, and our synchronous motors, to rewind the 
machines that have not been in use for more than five years? That 
would make them practically new machines, and from what in- 
formation I get about these Brush machines, there has never been 
a single case of one of their armatures burning out. Therefore, 
it would appear to me that, by rewinding for a higher voltage and 
a lower current —say 6.6 amperes—and using the enclosed series 
direct-current lamp, we would practically get all the advantages 
of the alternating enclosed lamp, as far as the economy in trim- 
ming, carbons, etc., and we would make use of our present ma- 
chinery. Of course, we wouldn’t get perhaps the same efficiency 
we would get with the alternating system, but on the other hand, 
the alternating system, using the constant-current transformers, 
would have a power factor of perhaps in the neighborhood of 80 
per cent., and that would call for practically the same current 
from our generators that our system does at present, considering 
that we get, say, an efficiency of 75 per cent. So that really I 
can’t see where we would be any better off if we had the alternat- 
ing current, as far as machine capacity is concerned, than we. are 
at present. I would like to get a little information in that di- 
rection. 

Mr. Ray. I would naturally say that the salvage on synchro- 
nous motors, and the cost of rewinding your arc machines, com- 
bined, would offset the entire cost of constant-current transformers. 
Your lamps in either case would have to be new, and there would 
practically be little or no difference in cost, and I think that you 
would find your maintenance expenses of your synchronous 
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VOLUME X 
EDITORIAL. 
Again the events that transpifed dur- 
ing an annual convention of the Pacific 
— Coast Electric Transmission Associa- 
VITAL ‘ ; 
tion are placed before the public 
FACTORS. 


through these columns, and it is per- 
tinent to discuss the sapient points of 
at least two subjects that proved to be of such engross- 
ing interest to those who were present, namely, regula- 
tion and water supply. 

ad 


As the lengths of transmission lines go onward, and 
as their voltages go upward, the necessity for a thorough 
understanding of the factors that adduce to regulation 
becomes more and more appreciated. Dr. Perrine’s 
paper* reminds one that regulation in long-distance 
transmissions, although effecting an electrical result, is 
by no means a problem confined to electrical engineer- 
ing; for, while it is aimed to deliver electrical energy at 
constant frequency, constant voltage and at high power 
factor, these three desirables cannot be accomplished 
without involving considerations alike affecting each and 
every piece of apparatus in the whole system, whether it 
be the pipe line, the water wheel, the generator, the 
transformer, the transmission and distribution lines, and 
so on through the ultimate translating device. A discus- 
sion of the regulations of long-distance transmission is, 
therefore, a subject as broad as are the applications of 
electrical energy itself, and those who are most familiar 
with advanced practices have long since come to a real- 
ization of the stern fact that in the one word regulation 
is found the most serious technical problem that con- 
fronts the engineer operating a long distance, high volt- 
age transmission. Indeed, engineering of to-day is striv- 
ing to perfect the regulation of transmission systems as 
strenuously as it did ten years or so ago to bring direct 
current distribution service to that point where the public 


*Appearing on page 3 of the JoURNAL for July, 1900. 
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could rely on even voltage and absolute continuity of 
service. Then the end to be attained was even potential 
and reliability; now to these requisites are added un- 
varying periodicity and minimum wattless current. 
ad 
‘The problem of to-day is greater than that of ten years 
ago by the complications that arise from considerations 
involving causes of fluctuations in the pipe line pressure, 
from causes of variations in water wheel and generator 
speeds, from line phenomena and varying loads. As 
the frequency of the whole system will change directly 
with the speed of the water wheel and generator without 
reference to extraneous conditions, it is of prime neces- 
sity that the speed of the water wheel should be unvary- 
ing, no matter what the condition or irregularity of the 
load may be. ‘This factor in the solution of the problem 
must be worked out by hydraulic and mechanical 
engineers, and that they will sooner or later prove equal 
to the task is not to be doubted. At present, however, 
none but they may share a tithe of the responsibility for 
such troubles as may be imposed upon transmissions by 
reason of erratic frequency. 
Fad 
jut there the responsibilities of all engineers other 
than those of the electrical persuasion cease, for the re- 
mainder of the difficulties regarding regulation are 
distinctly electrical. To the scarcely-initiated, the prob- 
lem seems to be impossible of solution—as indeed it 
perhaps may be if absolute automaticity is to be striven 
for. What with generators that must give voltages that 
vary directly or at irregular ratios with loads and, at the 
same time, with conditions demanding perfect constancy 
in voltage at points of delivery ; what with the load itself 
varying from inductive to non-inductive characters, then 
visa versa without warning; what with raising and lower- 
ing transformers of different styles and makes bearing 
characteristics as diversified as a babel of human 
tongues ; what with lagging and leading current and their 
resultant varying power factors; what with the line, with 
its potpourri of C?R and inductive drops, its capacity 
of charging current and various reactances, itself and 
mutual-inductances; its so-called “Ferranti” effects and 
‘ts what-nots—all these subjects may well strike terror 
to the minds of the uninitiated, especially when served 
with the too-often-seen garnishment of calculus. But 
Dr. Perrine has discussed the generalities of regulation 
in long distance transmission lines simply and satisfac- 
torily, while Professor Cory has admirably presented the 
results derived from an analysis of the concrete case of 
the soon-to-be operated lines of the Standard Electric 
Company of California. 
ad 
Professor Cory’s simple and clear-cut style of present- 
ing electro-technical matters tears the mask of ambiguity 
from off his subject and forces it to stand out in the living 
presence of its natural self. His writings are, of all 
things, pre-eminently understandable. He does not lead 
one through an interminable labyrinth of mathematics— 
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we were going to savy through catacombs of theory— 
but instead transports the reader over these dreary 
wastes by at once opening up a panorama of results 
without reference to the processes by which they were 
obtained. In truth, that is just what the busy commer- 
cial man of to-day wants; viz: results, opinions, conclu- 
sions. He does not care a whit about your mathematics, 
your corrolaries and your individual idiosyncrasies ; he 
satishes himself that you know what you are talking 
about—further than that he wants facts and only facts. 
Professor Cory has the fullest appreciation of this homely 
situation, and that is why his writings, his opinions, his 
advice and his very personality are so agreeable to the 
entire transmission fraternity in its every walk. 


5d 


Regulation is discussed by Professor Cory from a 
standpoint that is purely electrical, and it, together with 
the discussion which followed, brought out the fact very 
forcibly that leading currents, principal among which are 
those due to capacity and over-excited synchronous 
motors, must be neutralized with impedances in parallel 
with the line. Whether these impedances be in the 
nature of impedance coils or induction motors is alto- 
gether immaterial, but impedance must be had, especially 
in starting up extremely long distance high potential 
lines. 

ee] 

Here again comes up the old but by no means thread- 
bare question on the real active merits of synchronous 
and induction motors, and without taking either side 
in the controversy, it is pertinent to point out that many 
troubles usually attributed to one or the other of these 
types of alternating current motors may be found to lie 
in the generator regulation or in the line, rather than 
in the motors themselves. ake the experience of one 
of the oldest California transmissions, for instance, which 
installed one of the first three phase synchronous motors 
ever erected in America. It operated, and is still operat- 
ing, an air compressor, and originally it was a most 
obstreperous machine to start. It is a 120 kilowatt 
motor, located four and one-half miles from the power- 
house and of from 150 to 180 horsepower. It was started 
from the power plant while the latter was carrying a 
general load of about 500 horsepower. The motor was 
bought under a guarantee that it was self-starting, but 
although two men stood by two reserve generators to 
throw upon the wheels all the water they would take, 
adding thereby some 500 kilowatts to the usual plant 
capacity and putting all behind the motor, still it would 
not start without pulling the speed of the generators 
down from 600 revolutions per minute to 480 and even 
380 revolutions per minute. This situation was endured 
for several years, during which starting motors were 
recommended but were not bought for the reason that 
the motor had a secondary winding and was designed to 
start as an induction motor. A friction clutch afforded 
no relief, various other methods were vainly tried but 
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matters showed no improvement until last year when the 
line wire was changed from No. 1 B. & S. gage to No. », 
and the line potential was raised from 25060 volts to 
11,000 volts, giving practically no line loss. Step down 
transformers were put in at the motor station, and from 
the instant that the change was made the motor could 
be started or stopped without the slightest difficulty and 
without being appreciable anywhere on the system. Yet 
the situation which baffled solution for more than five 
years was merely a question of line loss, and as such it 
presents a striking example of the importance of line 
regulation in transmission systems. 


oad 


Another experience illustrating the necessity of good 
regulation especially in the operation of synchronous 
motors, and incidentally one which throws light on one 
feature of the old controversy between synchronous and 
induction motors, is found in the case of a certain mine 
in California where a synchronous motor is driving a 
compressor, the motor carryfng an overload varying 
from 33 per cent. to as high as 50 per cent. ‘The owner 
of the mine claimed that the motor was running hot, and 
that the coils were burning out, attributing the cause to 
defective service on the part of the power company 
There is no doubt but that the coils were burning out as 
claimed, but nevertheless the motor held in step and did 
its work until at last the coils actually burned out and 
the motor was disabled. An examination of the situa- 
tion revealed the following conditions: It was a two- 
phase motor, rated at from 2200 to 2400 volts, and it 
would have carried its rated load at either voltage with- 
out any difficulty whatever. But with the overload 
stated, taken in conjunction with the fact that the current 
at but 2000 volts was delivered, the motor burned out. 

And why? A synchrouous motor has the property 
of running at the speed of the generator regardless of the 
voltage that may be impressed; the amount of load in 
driving the compressor remains fixed because its speed 
is constant. Obviously, therefore, the current consump- 
tion to do the work was greater at 2000 volts than at 
2400 volts. To be exact, no matter what was done with 
the field of the motor, the current consumption by the 
motor when operating at 2000 volts as against 2400 volts 
was in proportion to 24 and 20, and the heating effect 
at 2000 volts is 44 per cent. greater than at 2400 volts, 
that is, in the ratio of 576—the square of 24—and 400, 
the square of 20. Under the conditions of overload, 
the coils would burn out at 2000 volts, but they would 
not have burned out at 2400 volts. 

ad 

On the other hand, had there been an induction motor 
installed in the mine referred to, and operated under the 
same conditions as were imposed upon this synchronous 
motor, the induction motor would have slowed down 
under the reduced voltage and overload, and the actual 
load would have been reduced in direct proportion to the 
reduction in the speed of the motor, for the reason that 
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as long as the air pressure remains constant, the work 
done by a compressor is proportional to its speed. There 
is no room for doubt then, that under the conditions 
which existed, the induction motor would have been the 
more satisfactory, and it is yet more certain that no trou- 
ble would have occurred even with the synchronous 
motor, had the line and generator conditions been such 
that the voltage could have been kept at 2400 volts. 
Here, again, that paramount consideration—regulation. 

Good regulation in its broadest sense must be obtained 
before perfect service can be rendered; similarly contin- 
uity of service in water driven plants is dependent upon 
permanence in the water supply. The consummation of 
these two features are vital to transmission interests of 
the West. 

Fad 


Mr. Manson’s paper on the factors determining the 
water supply of California raises a warning that the agri- 
cultural, mining and transmission interests—in fact, the 
industrial and commercial interests—of the Golden State 
can neglect only at the peril of their very existence. In- 
dustry begets population, and population begets com- 
merce, yet neither population nor commerce may ad- 
vance beyond the mediocre in any locality that does not 
possess that mainspring of industry—cheap power. The 
civilization of to-day demands an abundance of inexpen- 
sive power, and it is the all but universal experience in 
California that mechanical energy, in its most inexpen- 
sive and satisfactory form, is thus far to be derived from 
the Sierran stream, whence it is converted, transmitted 
and distributed to seemingly uttermost points as electri- 
cal energy, thence to be reconverted into useful work at 
the point of power consumption. Were it not thus, the 
transmission interests of California could not have real- 
ized the prominence they now hold as being among the 
most vital within the State. When that time comes 
wherein every mountain stream of consequence shall 
contribute its now wasted energy to swell the total of 
power available for industrial purposes, when the winter’s 
torrents that now rush to the sea with infuriated wildness 
shall be conserved, and the immeasurable energy shall 
be distributed to useful account through summer 
months, when all the principal transmission plants from 
one end of the State to the other shall be tied together 
and thus contributed, technically at least, into one grand 
system, then shall the mining, the agricultural, the indus- 
trial and the commercial interests and instincts of Cali- 
fornia have entered the zone of development wherein is 
to be found its broadest productiveness and its highest 
attainable prosperity. 

ad 


The consummation of these considerations are by no 
means of electrical import alone—they are the soil and 
the water that will give life, and sustenance, and sturdiest 
growth to every root and every trunk and every branch 
and every foliage and flower and fruit of every human 
undertaking. When that day comes—and the signs of 
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the times indicate its near approach—the languishing 
industries made prosperous and the arid wastes made 
fertile will be but mere suggestions of the new conditions 
that will give verifications to these words. 
st 

But the engineering undertakings in hand to bring 
about the new conditions are of heroic, of stupendous 
trend, especially in the matter of conserving the State’s 
flood waters and turning them to useful purpose. The 
pearl of Mr. Manson’s invaluable paper is to be found in 
the cognizance it displays of the paramount necessity for 
a thorough investigation into the subject of seasonal 
precipitation, with all its devious manifestations, together 
with similar research leading to the adoption of the best 
mode of procedure in the impounding of torrential flood 
waters. In this sage suggestion Mr. Manson has voiced 
the keynote of action in which the nation and the State 
and their every citizen will be wise to enthusiastically 
accord. 





ARC LIGHTING IN POWER TRANSMISSION SERVICE 


(Continued from page 39.) 

motors and operating expenses higher than with the constant- 
current transformers. You would have seven arc machines and 
three synchronous motors, and there would be more attendance 
for running those than there would be for simply attending to 
your switchboard with your constant-current alternating-current 
system; so that I should naturally think that there would be a 
saving along that line that would pay for the change. The syn- 
chronous motors and combination would take the same current 
from your generator as the series-arc alternating would take in 
either case. At the same time, if you were having to buy current, 
as you occasionally do, there would be a difference there; so that 
it would bein your favor in that case. And if you pay for the 
current by the kilowatt, that would make a difference. I don’t 
see where there would be any great advantage in keeping your 
present outfit. 

MR. LIGHTHIPE. I think the question of power factor that Mr. 
Hutton has brought out doesn’t cut very much figure. 

Mr. Hutton. It would if I sell my motor. 

Mr. LIGHTHIPE. The power factor has a distinct bearing on 
the machinery installed. But his main point is the amount of 
water in the river. Every summer he has had plenty of machine 
capacity and very little water. His power factor doesn’t cut very 
much figure; it is water he is after. 

MR. Pook. That wouldn’t apply to a steam plant. 

Mr. Ray. Mr. Hutton means enclosed lamps? 

Mr. Hutton. Enclosed lamps. 

THE PRESIDENT. We have had a variety of opinions about 
this subject, and will have to pass to another paper. 

cz 


Mr. Low read the following paper: 
THE LATEST DEVELOPMENT IN TRANSFORMER 
DESIGN AND OPERATION. 
BY H. C. WIRT. 


RANSFORMERS have been generally used in con- 
nection with lighting systems since 1888, a suf- 
ficient time to enable us to draw some conclusion 
regarding their design. 

A large number of the older types of transfor- 
mers have been discarded by central station managers for 
the following reasons, although many of them were in 
operative condition: 


bi 


ne 


ieee. 


jc 


August, 1900] 


First. Insulation between primary and secondary coils 
insufficient, permitting the high pressure primary current 
to pass to the secondary house wiring. 

Second. ‘Transformers frequently burned out when 
operating with normal load. 

Third. ‘Transformers burned out by lightning. 

Fourth. Transformers had poor regulation. 

Fifth. Transformers had high core losses. 

Mr. Stott, of the Buffalo General Electric Company, 





~ 


WIRT ON DESIGN AND OPERATION.—FIGURE 1. 


Section of Type H Transformer. 


recently tested the insulation of old type transformers 
which were in service on the lines of his company, with 
the following results: 
SPOUT SEGAL OLEIONS TESTER: ic 5csic Sores eo resin Saw wees 63 
i 9A) er eer arc 8 
‘“'The spark gap was set to arc at 4500 volts, as this was 
considered the minimum size which should be used in a 
test of this kind. ‘Transformers were of all makes and 
all sizes and were tested from primary to secondary and 
primary and secondary to shell. 
‘*Of the 55 transformers which broke down, the foliow- 
ing table gives the number broken down at various pres- 
sures, the pressure being gradually increased from 1000 


to 4500 volts. 
Number of Trans- 


Pressure formers Broken Down 
TOO WORE ho oie os bk ceDictdna bres eieeceede Comes I 
BOE eek doce viernden sawaeel teen eacnamanaeaeeue I 
5) eS Pre ee ee eee err eee Perr rT 6 
A Oo ee tect ch euee whcineNee manus krnane a eaeee II 
AO OP Soca Sana Ree io darewedin keke Rea tae een 31 
BO a adden odnae ae nee a eudaee ens ase eee 5 





WIRT ON DESIGN AND OPERATION.—FIGURE 2, 
Core Type Transformer. 
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‘‘These transformers were all supposed to be in good 
condition and ready to be put in use at any time. Further 
comments are needless.’’ 

A high potential testing transformer was used in mak- 
ing these tests. 

The troubles occurring in old type transformers became 
so serious that there arose a demand among central station 
managers for a more perfect transformer even at a higher 
price. 

The most essential requirement in a transformer is that 
at all times the primary coils must be insulated from the 
secondary coils. Whenever a transformer burns out, the 
customers of a central station may be subjected to a dan- 
gerous voltage. Few managers test the insulation of 
transformers after they have been placed in service. The 
modern transformer designed for operation on 3000-volt 
circuits or less is constructed to withstand a 10,000-volt 
insulation test between primary and secondary, giving a 
large safety factor. ‘I‘he insulation of transformers is now 
generally tested by high-potential current. The test by 
bridge method and low-potential current is now considered 
unreliable. Standard portable outfits for making t* = test 
can be readily obtained. In order to still further protect 
the customers of central station companies it has been 





WIRT ON DESIGN AND OPERATION.—I iGURE 3. 


Shell Type Transformer. 


proposed to permanently ground the secondary circuit. 
In a system employing secondary mains this can be done 
at small expense, but in a system where a large tumber 
ot individual transformers are used the expense will be 
considerable. 

When the transformer has been constructed with ample 
insulation the following requirements should be observed 
to keep it well insulated: 

First. The transformer should be operated at such a 
low temperature that the insulating materials will not be 
destroyed or injured by heat. 

Second. ‘The case protecting the coils should be water- 
tight, preventing snow or water from getting on to the 
coils. 

Third. In order to prevent oxidation of the insulating 
materials, the coils should be covered with oil of high 
insulating qualities. 

The oil assists to convey the heat in the coils to the 
case where it is radiated into the air. The temperature 
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of the coils of an oil-irsulated transformer should not 
exceed 60° C. rise (by resistance) above the air after an 
eight-hour run at full load if test is made on a cold trans- 
former. The best practice is to keep the temperature rise 
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WIRT ON DESIGN AND OPERATION.—FIGURE 4, 


Type H Transformer, Showing Insulating Materials. 


within 45° C. The temperatures recommended are low 
enough not only to prevent injury to the insulation, but 
also to prevent appreciable aging or increase of core loss. 
The records of one manufacturing company show that 
out of 20,000 transformers built according to these 
specifications and shipped to central station com- 
panies during the past eighteen months, but ten 
transformers have been returned for repairs owing 


to defects in the insulation. It is now generally 
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WIRT ON DESIGN AND OPERATION.—FIGURE 6. 


Section of Type H Transformer Bov, Core and Bushings. 


understood that a transformer having a low tem- 
perature rise will cost more than one with higher 
temperature rise if all other requirements, such 
as core loss and regulation, are the same. 

Until a few years ago, all transformers were of 





the shell type, where the coils are inside the iron. ‘The 
requirements of high insulation and low temperature have 
introduced a new type of transformer, known as the core 
type, where the coils are upon the outside of the iron. In 
this type the coils are much more read- 
ily insulated, as only one layer of insu- 
lation between primary and secondary 
is required. Modern transformers are 
comparatively free from aging when 
run at rated loads. It is not now con- 
sidered good practice to overload trans- 
| formers, for if aging is to be prevented 
| the iron core of the transformer should 
not attain a temperature exceeding 
80° C. 
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In making heating tests on transform- 
| ers the ‘‘resistance method” should ke 
| used and not the thermometer method.. 
| as the results obtained by thermometer 
may be 50° C. lower than the actual 
temperatures. This is particularly true 
with the shell type of transformer, as 
in this type the coils being placed in 
the interior of the iron core are much 





7 hotter than the outside of the core or 
the ends of the coils which are exposed. 
Figure 8 gives the result of a heating 
test on a 15-kilowatt shell type trans- 

former showing a temperature rise of 100° C. at the end 

of an eight-hour run at full load. Figure 7 gives the 
result of a heat test on a 15-kilowatt transformer of the 
core typ? under similar conditions. It should be noted 





WIRT ON DESIGN AND OPERATION.—FIGURE 5. 
High Potential Testing Set. 
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that the temperature of the coils in the core type trans- 
former is nearly equal to the temperature of the oil, while 
in the shell type the coils run much hotter than the oil. 
A heat test by thermometer on the shell type transformer 
would give no accurate indication of the actual tempera- 
ture of the coils. 

It has become the standard practice to make transfor- 
mers with connection boards to adapt them for either 1000 
or 2000 volt circuits, thus enabling station managers to 
make a change in primary pressure from 1000 to 2000 
volts without having to purchase new transformers. The 
standard frequency used to be 125 cycles, but at the pres- 
ent time there are more transformers purchased for opera- 
tion on 60-cycle than on 125-cycle circuits. Transformers 
with 2400-volt primary, 120-240-volt secondary, have re- 
cently been adopted in Philadelphia, Brooklyn, Cincinnati 
and Hartford. In other cities a primary pressure of 
2080 volts and a secondary of 115-230 volts has been 
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is supplied for either 12 or 24 hours per day. It does not 
seem right to charge up current for core losses at the same 
rate as current supplied to customers. Current for core 
losses has been figured at three-quarters of a cent to two 
cents per kilowatt-hour, one cent per kilowatt-hour beiriy 
the usual figure. 

Interest and depreciation are usually figured at five per 
cent. each. In making a choice of a transformer proper 
consideration should be given to the core loss, for the 
cheaper trausformer is not necessarily the one that will 
give the larger returns on the investment, as it trequently 
happens that the saving effected by the reduced core loss 
of the more expensive transformer will more than offset 
the difference in price. Cases have been noticed where a 
return of 30 per cent. could be obtained on the increased 
cost of the higher price transformer owing to saving in 
core loss. 

The regulation of a modern transformer should not 


Heat test on a Genera! Electric 
I5 Kilowatt transformer 
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WIRT ON DESIGN AND OPERATION.- FIGURE 7. 


adopted. Few new installations are made with 1000 volts 
primary potential. 

The desire of the central station manager is, apparently, 
to reduce the cost of copper. The 2400-volt transformer 
with 120-240-volt secondary is about five per cent. more 
expensive than a 2080—104—208-volt transformer, which is 
more than offset by the saving effected in the cost of the 
primary and secondary wires. 

There are only a few installations made with transfor- 
mers having ground shields. Where all possible precau- 
tions are desired, the grounded secondary is preferable. 
The latter practice is safe under all conditions, while the 
former is of no value if a cross between primary and 
secondary should occur external to the transformer case. 

It is desirable to use a transformer with low core loss. 
The energy furnished to a transformer for magnetizing 
the core is usually figured at a low rate, because the power 


exceed two per cent. in the larger sizes and two and one- 
half per cent. in the smaller. Poor regulation means 
poor service, large lamp renewals and increased station 
capacity. If, instead of a two per cent. drop, a trans- 
former had three per cent. drop, the station capacity 
would have to be one per cent. greater inthe latter case 
than in the former. As the transformer is the last unit 
before the customer is reached, any loss in the trans- 
former means additional capacity in the line, alternator, 
engine, boiler and station building, so any saving in 
power in the transformer is of prime importance. 


THE PRESIDENT. This is an interesting subject. Who has any 
opinion to express on this paper? 

Mr. Pook. Mr. President, I think that the paper points out 
very clearly the advantages in low core losses in transformers, 
especially to plants giving a 24-hour service. I have had consid- 
erable experience myself in that direction in displacing small, 
inefficient transformers by large transformers, and I have one case 
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in mind now which I will mention on future occasions, which will 
serve to illustrate. We have taken out 152 small transformers by 
putting in 13 medium-sized transformers of, say, about 7% kilo- 
watts each, and the core losses on those taken out are about 
equal, and sometimes exceed, the core losses on the others, and 
that very subject means sometimes the difference between loss 
and profit to a system. I think it is a very interesting subject, 
and I dare say others have had about the same experience that I 
have had. 

Mr. CLARK. I know of an installation in St. Louis where they 
took out some 80 odd small transformers, and put in five larger 
ones, and run a three-wire secondary for the whole distance. The 
sale of the second-hand transformers ‘nore than paid for the cost 
of the installation of the new circuit, in addition to the saving of 
the operation. 

ProF. Cory. Mr. President, mentioning three-wire secondaries, 
I would like to ask Mr. Ray, as a matter of information, why it is 
that, using three-wire distribution, we find so many times that two 
transformers are installed where it seems that it would not be very 
difficult to so adjust the load that we could have one transformer 
for the three-wire system? I recognize that two transformers, one 
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minute and a half while we made our examination. Inside of 
fifteen seconds that little transformer house was so filled with 
smoke you couldn’t see. In thirty seconds the wire was white 
hot. Then we figured out that one of the secondaries in the core 
was short-circuited, completely neutralizing one of the legs of the 
transformer, so in fact it made, you might say, a one-legged lag- 
magnet. In regard to a transformer on a three-wire system, you 
run across the same thing; that is, if you overload one leg, you 
throw the other clearly out; and if you can’t get even distribution 
you can’t keep the distribution separate. The load on one of the 
legs may be so great as to completely upset the magnetic flux, so 
it will go around on the outside, and if it is in an iron case, that 
iron case will get red hot. I think that is why, in practice, as a 
rule, we are very inclined to use two transformers in preference 
to one. 


PROF. Cory. I recognize that in residence lighting, where a 
variable load is coming on, that must necessarily be the case. But 
less than two weeks ago I was in a mine in this State, where there 
were, I think, about 300 lighst, and I am absolutely certain that 
those lights have never been turned out since they were installed. 
There is not one that has been turned out except by opening the 
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on each side, have the advantage that it is impossible to burn out 
a transformer, because you limit the load to one side. But where 
we have two voltages on one transformer, is it not possible in a 
number of cases to use a single transformer for a three-wire 
secondary? 


Mr. LIGHTHIPE. I think that it can best be answered by re- 
ferring to a large 40-kilowatt transformer that we had a very 
peculiar trouble with near Sacramento. This transformer gave a 
very peculiar humming sound, and it hummed so hard that we 
cut it out. By exterior examination we couldn’t find out whether 
it was burned or not, but the outer shell—it was a natural draught 
transformer —showed a case where it got very hot indeed, and I 
went up there with Mr. Hutton. In trying to solve the problem, 
we put a wire completely around the outside of this transformer 
and threw the current on, or had Folsom throw on the current, 
for about a minute and a half, I think. We were going to put an 
ammeter in this loop that we made, but we were very glad we did 
not. We had practically no control of the current, as we did not 
want to handle the switches. The place was so small that we had 
Folsom throw on the current on the line, and hold it on for a 


primary circuit which controls all the lights. There is no reason 
why they should be. At some distance—the mill happens to be a 
considerable distance from the transformer house—there are two 
transformers installed across 2400-volt primaries and 120-volt sec- 
ondaries, and 240 across the outside; looking at it, I don’t see any 
very good reason why there should not have been one transformer 
there. There are two transformers, comparatively small size, 
giving almost double core loss. The total loss with two transfor- 
mers was greater than with one of double the capacity, and the 
power they were getting was not free, by any means. It cost a 
certain amount per kilowatt, and it seemed to me that under the 
circumstances, there might just as well have been one transformer 
there instead of two, and one large transformer would have cost 
less than the two smaller ones. 


Mr. LIGHTHIPE. There is another case of the two transformers 
for three-wire distribution. After the distributing circuits are laid 
out, the more often we feed that secondary, the less drop we have 
on the secondary. In the three-wire distribution that is scattered 
through the streets, if we can feed one side of the three-wire, and 
the other side of the three-wire 100 feet away, we are helping out 
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that which is ignored as a rule—the drop in the neutral. Conse- 
quently, if I was laying out a block of streets, and feeding it on a 
three-wire distribution, in place of putting my feeders at the same 
point, I would scatter them. I think the idea of distributing as 
we do, on a network of secondary wires, the more often we feed 
into that line, the better distribution we will have. We can just 
as well feed one side of the three-wire and feed on the other side 
100 feet away, and get a better distribution than if we fed on both 
sides of the three-wire at the same flace. 


Mr. Hutton. The question of variation of voltage in the 
transformer is something that I had an experience with a while 
ago. We had some core-type transformers, and they were wound 
for 115 and 230 volts secondary. The windings were independent, 
oue on each core. With the core type, if the load becomes un- 
balanced to the extent of about 50 per cent., the voltage on one 
side would go up to about 130 and the other side would drop down 
to about 104, and I find that it is so with some of the older type 
transformers, and that now, to get around that, they are winding 
the two secondary coils half on each core, so that that makes it 
possible to use a single-core-type transformer, and you can run an 
unbalanced load on a three-wire circuit without any trouble. Our 
later transformers are all wound that way. 

Speaking about two transformers in a single place, we have a 
number of places where we use two transformers, but most of 
them are where I had these transformers that I speak of, and had 
to put two together, and by putting the primaries in multiple and 
the secondaries connected up for 115 volts and then putting the 
two secondaries in series, that gave me the same result that I 
would get with the single transformer on an unbalanced load with 
the three-wire secondary. When we first started the transformers 
were 1000 volts, and all of our transformers that we had at that 
time were 1000 volts, none of them 2000; we finally decided to 
change over, and rather than throw the old transformers away, 
we put the transformers in series and coupled the secondaries in 
multiple. It is necessary, of course, to do this on the secondary 
side for the reason that you have an unbalanced load on the 
secondary, and the primaries are in series, whatever primary 
current comes through one transformer of course has to come 
through the other, and the voltage will be unequally distrib- 
uted unless the load is balanced; but by having secondaries for 
three-wire, and then putting them in multiple, and having pri- 
maries in series, you get rid of your unbalanced voltage on the 
secondaries. 

Mr. CLARK. The gentleman spoke a few minutes ago about an 
unbalanced load on the three-wire circuit having a tendency to 
kill the use, you might say, of the three-wire transformer. I 
know of an instance in one of the theatres in St. Louis, in 
which, when we changed the wiring of the city from two to 
three wire circuits, we re-wired the theatre and we had to balance 
the stage against the house lighting. It frequently happened 
that the stage lights were on in full and no lights were on in 
the auditorium, and the load was sometimes unbalanced to the 
extent of 120 amperes, We took a 1o-kilowatt transformer, con- 
nected the secondaries across the three-wire cable, and used it for 
a balancing coil. It had the effect of balancing up the load, so 
that there was only a difference of about 20 amperes after the 
transformer was connected. Later on we built a special coil, just 
to take care of that. 

Mr. McApIg£. As there seems to be rather a lull in your pro- 
gramine, I would like to invite the Association to any courtesies 
that are in our power to extend. The United States Weather 
Bureau has a smal! observatory a few feet back of this pavilion, 
and we should be very happy to show the members of the Associ- 
ation every courtesy that we can. We have asmall dark-room 
but it might serve in emergency. It is the only thing of the kind 
on the mountain, and can be used if any members have photo- 
graphic plates. I should also be very happy to show you our kite 
stable and some of the steeds, some things with which you are 
not, perhaps, altogether familiar. 


THE PRESIDENT. We thank you very much. 


| 
| 
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Mr. McAdie spoke as follows: 
ATMOSPHERIC ELECTRICITY. 
BY c4LEXANDER G. M’ADIE, 

UR knowledge of atmospheric electricity today is, 
I think, most unsatisfactory to the man of science. 
If we begin with those manifestations of electrical 
energy in the uppermost layers of the air, we are 
confronted at once with the difficulty of deter- 
mining whether they are, in their origin, purely terrestrial 
or extra-terrestrial. Unquestionably our earth magnet 
responds to signals which are thrown out by the sun— 
quiverings in ether which we are bound to respond to— 
but on the other hand there are many of these phenomena 
grouped under the one name of auroral display which are 
resident in our own atmosphere, and I think it is high 
time that someone should move for a proper classification 
of the disturbances which appear in our atmosphere, and 
no longer classify those which are electro-magnetic in 
character with those which are purely due to some static 
charge in the upper currents of the atmosphere. ‘That is 

one step which I think ought to be taken very soon. 
Coming down to the lower layers of the atmosphere, 
your mirds will turn at once to the lightning flash, which 
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is, of course, but one of a thousand different types of 
electric discharge in the air. Whether because we are 
naturally timid in the presence of such a startling display 
of energy as the average flash of lightning; whether we 
have been impressed by the tragic death of Richman; or 
whether it is because of the difficulty of reaching out 
from earth and studying these problems 77 s7/u, I know 
not, but we have been afraid to tackle the problem of 
lightning flash in the way we ought to have tackled it: 
to come up squarely to the problem and measure the 
energy of the average flash of lightning. 

Some years ago I proposed, in Washington, an experi- 
ment which will perhaps interest you. I know that a 
great deal of work has been done within the last three or 
four years upon lightning arresters, and Mr. Alexander J. 
Wurts, of the Westinghouse company, who is a close 
friend of mine, very kindly gave me the benefit of looking 
over all of his notes covering many years’ experiments. on 
a commercial electrical apparatus, and I know that from 
that standpoint you would all like to have the problem 
assailed. But I may be permitted, as a man of pure 
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science, to say that I think the problem ought to be at- 
tacked in a more general way. We ought to measure, 
first, the energy of the flash. Before we attempt to harness 
our steed, or construct ways for our steed to escape, let 
us determine what the strength of the animal is. So this 
experiment was designed as a beginning, to get at the 
true character of the flash in space. It was a photo- 
graphic experiment. We had three cameras: one at the 
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Capitol, in the Senate wing, at Washington; one across 
the Potomac River at Arlington, at.d one at the Weather 
Bureau in Washington, which is at the corner of T'wenty- 
fourth and M streets. At each of these points we had a 
camera, and arrangements were made to have exactly the 
same lens, and have all our constants identical, so far as 
possible, for future ease in working out the problem. We 
had these three cameras aligned upon the Washington 
Monument, which is 555 feet high and stands in a well 
watered ground, and is, all things considered, an excellent 
object for the aerial physicist to work upon. We photo- 
graphed the discharges in the vicinity of the Washington 
Monument, and our purpose was ultimately to construct 
a rough model of a flash, showing first its changes in 
direction as it came to the earth. Of course, a photograph 
in one plane will give you a flash of lightning showing 
certain characteristics, but a photograph made from three 
points at once gives you the composite picture from which 
by and by you can determine exactly the type of discharge 
and also the means of determining the dimensions. I had 
hoped to carry those exzeriments further—and that is 
something which I think ought to be done: measure the 
electrical energy of the flash, either by putting the proper 
metal in its way for it to melt and measure the mechanical 
effect, or the heating effect, or in some other way measure 
the electrical energy of a flash. I think when we have 
done this that we will know a little more about what 
lightning really is. 

The other set of experiments were a set of measure- 
ments of the potential. We measured that with Mascart’s 
modifications of Sir Wm. Thompson’s quadrant electro- 
meter, the differences of potentials between the ground 
and currents in air at different elevations, and there are 
some interesting relations brought out by such a set of 
measurements. At the top of the Monument, for ex- 
ample, we had one of those outfits, and during some very 
severe thunder-storms, we obtained variations in the po- 
tential exceeding 7000 volts. Remember, that although 
we we were 500 feet from the earth, we were practically 
only a few feet from earth, because the equal potential 
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lines run up close to any object in contact with the ground. 
(The speaker here illustrated the bending of the equi- 
potential lines as shown by Exner, Elster, Gertel and 
other physicists. ) 

Take this mountain, for instance. If we had the means 
to run the equi-potential lines, we would find them run- 
ning upwards, practically following the contour of the 
mountain; and, as I say, we found variations in the po- 
tential exceeding 7000 during thunder-storms, which have 
been since extended at the top of the Eiffel Tower to 
10,000 volts or more; and if we went higher we could 
find any range, varying with the condition of the weather. 

I know you are all very anxious for that train to come, 
and I don’t know that there is very much more that I 
wish to take your time to say, but in the matter of ques- 
tions I will be glad to answer any that I can, though I 
think answers are better when given after reflection. An 
answer given on the floor is sometimes apt to be consider- 
ably different from what you would give after some mature 
thought and discussion when you know all the factors in 
the case. 

Mr. BAscock. I would like to ask the result of your photo- 
graphic experiment on the flash with the three cameras. 

Mr. MCADIE. We did actually succeed in getting two or three 
flashes, and I did make a very rough model. Perhaps I should 
leave it unsaid, but it was necessary for me to come to the Coast 
at that time from Washington, and no one has ever carried the 
experiment any further. If I go back to Washington, I have no 
doubt I will take it up again. I wish somebody else would. I 
simply alluded to it as a line of work and method of investigation. 

Mr. PooLk. I would like to ask Mr. McAdie whether the dif- 


ference of potential of 7000 volts spoken of was taken from the 
tower itself, or whether it was through kites ? 

Mr. MCApI£. At the Monument itself. I have not touched 
upon the subject of kites, though we did some work with kites, 
and it was a very interesting field of discussion; but these meas- 
urements of potential were direct—and by the way, here is a 
diagram (Figure 1) which will throw more light on the subject 
than if I were to talk for an hour. It appeared in one of the 
magazines, and shows what the variations are. We accomplished 
the remarkable fact of being able to foretell the flash of lightning 
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before it was coming. That, I think, will appeal to the public 
fancy; that one, locked up ina dark room, with nothing but this 
little spot of light, very similar to that given by the mirror of a 
reflecting galvanometer moving on a ground-glass scale, was able 
to tell when the lightning was going to happen, a few seconds in 
advance. Remember, as Dr. Lodge says, that we are living in a 
large condenser, and that what we are studying in the case of the 
lightning flash is simply the discharge—the disruptive breakdown 
of the dielectric of a large condenser. 
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Mr. Pook. That matter would be of considerable importance 
to power transmission, if they could foretell a lightning stroke. 

Mr. McADIE. Just a few seconds in advance. It is an inter- 
esting point that it could be done. It is just like a pull; in fact, 
it was an electric pull or straining of the air, and we could tell 
from the increase in the voltage that the straining point was being 
reached, step by step, degree by degree. The point moved to the 
right, and when it got up to 3000 volts, for a moment it would 
quiver, and then it would fall across the scale, and at the same 
moment the flash would occur outside. Locked upin the tower 
of the Smithsonian Institute, in a dark room, I could not see any 
of those flashes, but I could have an observer outside with the 
horizon all exposed to him time all tbe flashes that he saw, and I 
could time my flashes by my curve, and the only difference was 
that every flash he saw I had in my curve, but I had many a flash 
that he did not see. ; 

’ MR. VAN NorRDEN. I would like to ask Mr. McAdie to give us 
some results of his kite-flying. 

Mr. McADIE. The kite work was first undertaken at Blue Hill 
Observatory, and my idea then was to contrast the Thompson 
water-dropper method of getting at the potential with a kite asa 
collector, and for that purpose we used one of those old Malay 
tailless kites, tin-foiled on the front. In those days we were not 
up to flying kites with wire, and I took a net fish-line and wound 
No. 22 copper wire around that string to get the current down, 
and then proceeded to switch that on at times to the large multiple 
cellular electrometer which I had made at Clark University for me. 
I was comparing the relative collective capacity of the Thompson 
water method with the single kite in air, and the curve was sonie- 
thing like that. (Figure 3.) The water did very well, but with 
variations like that. The kite would give higher values, naturally, 
because the kite was in a higher layer of the air; and one object of 
interest, perhaps, was that I could time the rise and fall of the kites 
in the different levels by watching the changes in the potential. 
As a rule, the potential fell as the kite fell, and rose as the kite rose. 

Following up those experiments we have at different points and 
different places tried to fly kites, and now we fly the kite with a 
steel piano wire with a tensile strength of 200 pounds, and we are 
beginning to accumulate quite a literature of experiences during 
thunder-storms with those kites. Even here in California, where 
there is that pleasing tradition that we do not have any lightning, 
we find all sorts of things going on. ‘The charge exists there and 
a slight change in temperature and humidity is all that bars us 
from having a great many more thunder-storms — just as many as 
they have in the East. With the kites that we are now flying, on 
a summer night, even, we can hear the discharges along that wire, 
even when the kite is not very high. When the kite is simply a 
thousand feet above this hill and resting quietly on the top of this 
west surface-draught that blows in and controls our climatology 
in this section, all night long we can hear that little spark. I had 
no instrument other than a foot-rule, to measure the length of the 
spark, and we make that little spark-gap, as I showed you, by 
opening the switch, and we can hear that snap all night long on 
a quiet night when there is no wind, showing that we get just the 
same effects here a slight distance away from the earth that we 
do in the East. It is a difference of degree only. 

cz3 
Marsden Manson read the following: 
FACTORS DETERMINING ‘THE WATER SUPPLY OF 
CALIFORNIA, 
BY MARSDEN MANSON, C. E., PH. D. 
FIRST FACTOR — RAINFALL. 





HE weather phenomena of California, although 
simpler than those of the central and eastern por- 
tions of the United States, cannot be fully ex- 
plained unless their relation to the rain belts of 
the world be considered. The rainfall in Califor- 

nia comes almost entirely from one class of storms, whilst 

east of the Rocky Mountains three distinct classes are 








THE JOURNAL OF ELECTRICITY, POWER AND GAS. 49 


readily recognized: The first class being the great 
storms moving about the globe in latitude 47° to 55° N.; 
the second class are those passing from the equatorial 
rain belt northeasterly across Mexico and Arizona to the 
lower end of the valley of the Ohio, and thence across 
New England; the third class are the West India hurri- 
cares, moving along or parallel with and west of the 
Gulf Stream. Only storms of the first class reach Cali- 
fornia, except now and then an erratic storm of the 
second class reaches, as a ‘‘Sonora rain,’’ into the mount- 
ains back of San Diego. 

An inspection of the rain charts of the globe shows 
that California occupies a position across the northern 
part of the dry belt, between the north temperate and 
equatorial rain belts, and the rains of this dry belt are 
due to the annual shift of the two adjacent rain belts— 
the State being well within the winter extension of the 
north temperate rain belt—the storms of which sometimes 
extend over the entire State; but when this north temperate 
rain belt moves northerly to its summer position, the State 
is south of its southern edge, which rarely reaches to 40° 
north. The extreme southern part of the State is just 
reached by the outer edge of the erratic summer storms 
of the equatorial rain belt. 

This State confronts the Pacific Ocean between latitude 
324%° N. and 42° N. This frontage may be in general 
described as being part of an arc extending from Behrings 
Strait in 70° N. to Patagonia 51° S., or through more 
than one-third the circumference of the earth—a shore- 
line intercepting more degrees of latitude than any other, 
and bounding on the east the largest ocean. Being the 
easterly limit of that ocean from which the prevailing 
winds move, the climates along the entire length of this 
shore-line are more uniform than elsewhere. 

The three rain belts and the two intervening dry belts 
are all intersected by this shore-line. ‘The midian line of 
the north temperate rain belt intersects it about latitude 
52° N.; that of the north temperate dry belt in 28° N.; 
that of the equatorial rain belt in 10° N.; that of the 
south temperate dry belt in 25° S., and that of the south 
temperate rain belt in 50° S. 

These zones of rainfall all move seasonably with the al- 
ternate exposures of the hemispheres to solar energy, rains 
of all belts reaching their northerly extensions in June, 
July and August, and their southerly extensions in Decem- 
ber, January and February, the spring and autumn months 
being periods of movement from one position to the other. 

The southerly extension in winter ordinarily brings the 
rorth temperate rain belt well over California, and the 
northerly extension in summer carries it beyond 42° N., 
but brings the equatorial rain belt closer to our southern 
border, and now and then a summer storm reaches into 
the mountains of San Diego County. 


We therefore have in California a monthly distribution — 


of rainfall entirely different from other portions of the 
United States, and subjected to conditions differing rad- 
ically from those of other parts of the continent. 

The seasonable distribution of rainfall is subjected to 
other changes which give rise to our wet and dry winters. 
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It has been previously noted that the various zones of 
rainfall move northerly in summer, and southerly in win- 
ter;but there is considerable irregularity to this move- 
ment. 

From some cause, as yet unknown, the north temperate 
rain belt, upon which we depend, sometimes fails to 
extend as far southerly as usual, in which case, California 
suffers from a deficiency in seasonable rainfall, as in 
1851-2, 1876-7 or 1897-8. In other seasons it extends 
farther south than usual, and we have an excessive rain- 
fall, as 1861-2, 1878-9, 1889-90. It will be observed 
that these extremes in seasonal rainfall range from 7.4 
inches in 1851-2 to 49.3 inches in 1861-2, and more 
recently from 45.8 inches in 1889-90 to 9.4 inches in 
1897-8. There appears to be no known law for these 
variations; but the fact is distinctly apparent that dry 
winters are those during which storms move on a more 
northerly course than usual, and wet winters are those 
duriig which a more southerly course is pursued, thus 
bringing the center of the north temperate rain belt nearer 
to us. 

The present state of our knowledge of this first and all- 
important factor of our water supply is therefore very 
unsatisfactory. The magnitude of its variations, and the 
nature of the accompanying phenomena, must be of such 
a character as to be revealed by a comprehensive study. 
This study can be best be made through the State Univer- 
sity. An attempt was made at the last session of the 
Legislature to inaugurate it; but this was thwarted by 
certain party jealousies in official quarters. 

The importance of a foreknowledge of the gezeral char- 
acter of the winter is so great, so far-reaching, that there 
is abundant warrant for the most thorough research that 
science can devise. 

Of the first factor —rainfall—we therefore conclude 
that every effort should be put forth, with thorough sys- 
tem, to study and record its amount and distribution, and 
a special effort should be made to gain a foreknowledge 
of the probable character of the winter — whether an 
average, an excess or a deficiency may be expected. A 
small percentage of the monetary interests involved will 
make the investigations. 


SECOND FACTOR — AREA DRAINED. 


The second factor is an important one, for the larger 
the area, the more certain is the supply, or, other things 
being equal, there is less liability of complete failure of 
water supply from a large area than from a small one. 
This factor is for any given stream, practically constant, 
for it cannot be increased except at the expense of adja- 
cent areas. ‘The second factor is also of prime importance 
in the consideration of the third factor. 


THIRD FACTOR — RATE OF RUN-OFF. 


This factor is the only one of the three which is to any 
extent under human control. The first factor, rainfall, 
can be measured with more or less accuracy at fixed 
stations, the results of which measurements will give a 
fair approximation of the value of the factor of rainfall 
for any given season, and this determination can only be 
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made at the close of the rainy season, and averaged for 
estimates reaching into the future, a very unreliable result 
being obtained. 

The second factor, area, can be determined with accu- 
racy, being fixed by natural boundaries, and can be 
increased or decreased by fixed areas, at the expense of 
adjacent areas. But the third factor, 7he Rite of Run-off, 
is very largely under man’s control, and, unfortunately, 
his efforts tend rather to increase the rate than otherwise. 
As it increases, not only do2s the value of the source as a 
water supply decrease, but this increase means greater 
destruction by floods, and deterioration of both mountain 
and valley lands, the former by denudation, and the latter 
by the deposit of unfertile gravels and sands. Some of 
the most desolate spots on earth are the once fertile slopes 
of Europe, Asia aad Africa, and their adjacent valleys, 
made so by the devastation of the mountain forests and 
the increase of the rate of run-off. ‘These conditions are 
rapidly being spread over the mountain slopes of Cali- 
fornia. 

The interests you represent require that the devastating 
influences now at work upon our mountain drainage areas 
should cease, and that in their stead should be inaugu- 
rated, on the broadest scale possible, the two methods of 
controlling this factor: First, afforesting these areas, and, 
second, the construction of storage reservoirs. Each of 
these conservative systems must be put in force, for, with- 
out the first, the reservoirs rapidly silt up, and their value 
is lost. . 

It is readily recognized that the extremes which natur- 
ally control the rate of run-off are very wide apart. For 
instance, from the barren granitic slopes of some of the 
mountains in the southeastern part of the State, a sudden 
rainfall collects in the channels so rapidly that it is called 
a ‘‘cloudburst.’’ The same rain in the forests in the 
northwestern part of the State would not muddy the 
streams, by reason of the spongy nature or storage capac- 
ity of the thick roots and soil. Again, in the drainage 
basin of the east fork of Fall River, there is no surface 
run-off at all, the lava and soil being so porous that all 
rainfall is drunk up and passed into underground chan- 
nels, which reach the surface in the great springs forming 
that fork. 

In the sparsely-wooded and brushy areas, interspersed 
with grass lands, of the Coast Range, from ten to fifteen 
inches of rainfall is taken up by the soil before any surface 
run-off is supplied, and, in the densely-wooded areas, from 
five to ten inches of rainfall in a week fails to reach the 
streams, except through springs. 

The relative values of wooded areas and reservoir 
spaces is not fully appreciated. ‘The smallest of ihese 
particular areas is 500 square miles. If, by afforesting this 
area, one inch of rain can be held back in the soil, and 
distributed during three months, it would give a run-off 
of 149 cubic feet per second for this period of time. To 
store this run-off would require a reservoir of a square 
mile, havirg an average depth of forty-two feet, with 
sufficient inflow to balance evaporation. Such a reservoir 
space is rarely found. Besides the protection afforded by 
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trees and shrubs is of great benefit in decreasing damage 
by floods, and doubly re-enforces reservoir space. 

In conclusion it is urged : 

First.— That extended studies be inaugurated through 
the State University to determine the possibility of fore- 
casting the probable amount of seasonal rainfall, thus pre- 
determining the value of the first factor for each’ season. 

Second.— That every possible effort be put forth to 
systematically protect and extend mountain forests, and 
to store flood waters, thus decreasing the rate of run-off, 
and controlling the third factor. 

Third.— That fully equipped weather stations be estab- 
lished and maintained at closer intervals than at present, 
and particularly upon elevated water-sheds of importance. 

Fourth.— That accurate gaugings be made of the min- 
imum discharge of all perennial streams, in order to 
determine the control necessary to exercise over factor 
three to bring this discharge up to its highest efficiency. 
The coming autumn will afford an excellent opportunity 
to determine this minimum discharge, coming as it does 
after a decade of less than average rainfall, and at the close 
of a three-year period of less rainfall than has occurred in 
any three consecutive years in the last half-century. 

If any lines of research have been suggested which will 
benefit and broaden the interests you are developing, my 
mission has been accomplished. 

I thank you for your kind attention. 


cncy 


The Convention was entertained with a steropticon exhibition 
showing the representative electrical transmissions of America. 


THE PRESIDENT. Mr. Doble will now read a letter addressed 
to us by the Pacific Incandescent Lamp Company. 

Mr. Doble reads the letter as follows: 

SAN FRANCISCO, June 18, 1900. 

The Pacific Coast Electric Transmission Association. 

GENTLEMEN: On behalf of the Pacific Incandescent 
Lamp Company I find pleasure in extending an invitation 
to the members of the Transmission Association to visit 
our lamp factory, where we will be pleased to exhibit to 
you the latest machinery and processes for the manufac- 
turing and renewing of incandescent lainps. Our factory 
is in daily operation at 933 Market street, and while we 
would be pleased to receive a visit from your members at 
any time, we would recommend that you call Thursday 
if possible in a body. Very truly yours, 

PACIFIC INCANDESCENT LAMP COMPANY, 
by E. H. Forst, Sup’t. 

MR. SINCLAIR. I would like to move a vote of thanks on behalf 
of the Association to Mr. McAdie for his courtesies and for his 
highly interesting paper. Also to Mr. Marsden Manson for the 


very interesting paper that he gave us. 

The motion was seconded and carried unanimously. 

ProF. Cory. I think it is undoubtedly the wish of every one 
that a vote of thanks should be extended to our President for pre- 
siding over our discussions, and particularly for the delicate 
souvenir he has presented to each member. 

THE PRESIDENT. I thank you very much. I told one or two 
members of the Association, privately, this morning, and will 
now tell you collectively, that we would like to ask you to have 
an informal meeting at the works of the Standard Electric Com- 
pany where the members of the Transmission Association will 
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come at its guests. We might meet at Oakland in the morning 
and see the sub-station’s storage batteries there, the first week 
during which the line will be in operation. That will be 122 miles 
distance. We will then go down to Mission San Jose and see the 
switch station and up to the power plant where we will spend the 
night. I trust it will afford the members of the Association a 
great deal of information, with the possibility of looking into all 
our little troubles and discussing them while they are fresh, and 
before they are published to the world. We will write every 
member when the time comes, giving you fifteen days’ notice, so 
that you can make arrangements tocome. It will be, I think, 
aout the second fortnight in Septemter. (Applause.) 


Adjourned. 





TRANSMISSION ASSOCIATION MEMBERS. 


ACK of space in the last issue of the JOURNAL prevented the 

appearance therein of the full list of membership of the Pa- 

cific Coast Electric Transmission Association, which is 

given below in revised form todate. After reading the list, 

one requires no further comment to bring an appreciation of the 

very gratifying fact that the Association is in a very flourishing 
condition and that its membership is already most influential. 
The list is as follows: 

HONORARY MEMBERS. DATE OF ELECTION. 

Cory, Prof. C. L., 319 Pine St., San Francisco. ...... June 21, 1899 

Hutchinson, Dr. Cary T., 71 Broadway, New York ..Mar. 10, 1898 

Manson, Marsden, C. E., Ph. D., 530 California St., 


Se ik 5 oh penne vecedacounsaunsn ae June 21, 1900 
McAdie, Alex. G., Mills Building, San Francisco....June 21, 1900 
Pesine; DF. As Ci, Brent Ne Ji ais edieassdvene June 18, 1898 


Total Honorary Members, 5. 


FULL MEMBERS. DATE OF ELECTION. 


Big Cottonwood Power Co., Salt Lake City, Utah..March 27, 1899 


Big Creek Power Co., Santa Cruz, Cal............. March 10, 18¢8 
Blue Lakes Water Co., Crocker Building, San 

PUQUGINEOD 6 cxcdice as godadanvse dee Véaneceaeael Nov. 12, 1897 
Butte County Electric Power Co., Chico, Cal...... June 20, 1899 


Central California Electric Co., Sacramento, Cal ..June 18, 1898 


Consolidated Electric Light and Power Company, 
GO: CON ais deci nce cided oc daee/vaceans June 21, 1900 


Edison Electric Co., Los Angeles, Cal............. Oct. 12, 1897 
Kern-Rand Co., 59 Bryson Block, Los Angeles, Cal.June 20, 1899 
Kern River Co., 405 Currier Building, Los Angeles. .June 20, 1899 
McCloud River Electrical Power Co., Red Bluff, Cal. June 19, 1900 


Merced Falls Electric Power Co., Merced, Cal.....Jume 19, 1900 
Mount Whitney Power Co., Visalia, Cal...... .... June 19, 1900 
Nevada County Electric Power Co., Nevada City, Cal.Oct. 16, 1897 
Portland General Electric Co., Portland, Or....... July 19, 1897 
Power Development Co., Bakersfield, Cal......... Aug. 17, 1897 
Redlands Electric Light and Power Company, Red- 

oc | eeerece akan dnwnane seen a net June 20, 1899 
Sacramento Electric, Gas and Railway Co., Sacra- 

WIG CARS ii cc vescasarecipaccaxtddedsaaaue Aug. 17, 1897 


Salt Lake City Water and Electrical Power Co., 
€o1-5 McCormick Building, Salt Lake City, 


Waa vcnteteccas acecsaeeun a toneceiaan Feb. 21, 1899 
San Gabriel Electric Co., Los Angeles, Cal........ Feb. 26, 1898 
San Joaquin Electric Co., I‘resno, Cal............. March 27, 1898 
Snoqualmie Falls Power Co., Seattle, Wash...... .June 20, 1899 
Standard Electric Company of California, Crocker 

Building, San Franciaco. ... «226.0225 -s0es June 21, 1899 
Truckee River General Electric Co., 520 Market 

SETEGE: SAM FUMNOMOD oko dc oo ccke eve peatuss June 19, 1900 


Yuba Power Co., 324 Pine street, San Francisco...March 22, 1899 
Total Full Members, 24 
ASSOCIATE MEMBERS. 
Abner Doble Co., 200 Fremont St., San Francisco..June 19, 1900 
Brooks-Follis Electric Corporation, 527 Mission St., 


DATE OF ELECTION, 


Se GNM 6 ooo cick eodinnmae neineanees -June 19, Ig00 
Cobb, Edw. S., M. E., 126 Kearny St., San Fran- 
OOM Sele nten Nae de har see gn wanda can ee June 21, 1898 


Cole, John R., 83 Flood Building, San Francisco ..June 19, 1900 
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Doble, Robt. McF., E. E., M. E., Cataract Building, 


ROMO 50.0 ove Sioweueea ee eres odes eee June 1g, 1900 
Electrical Engineering Co., 509 Howard St., San 

PME: 8: ch cinch sania oon seuabe eee koe .June 19, 1900 
Klectrical Improvement Company of San Jose, San 

CO NN cs ssp Kier eee e Rb ee sete ae waee June Ig, 1900 
General Electric Company, Claus Spreckels Build- 

FN SRO ROITABOO 60 6 sores sires Oeawwe cesar March 28, 1898 
Hicks, Lewis A., C. E., Mills Building, San Fran- 

COL. sacs rerun rews Pe ee re ee June 21, 1900 
Kern County Land Company, Bakersfield, Cal..... June 19, 1900 
Kettent, SN. Satter Creek, Cal «.......5:00.¢ ewes o's June 21, 1898 


Market Street Railway Co., San Francisco, Cal....June 19, 1900 
Martin & Co., Jno., 31-33 New Montgomery street, 


Ba SRB OIRCD soos e cies esas ssaias- Sores June 19, 1900 
Oakland Gas, Light and Heat Co., Oakland, Cal...June 19, 1900 
Oakland Iron Works, Oakland, Cal............... June 19, 1990 
Pelton Water Wheel Co., 127 Main street, San 

PRO occ or csis cause sad oe en eeue eee eRe June 21, 1898 
Ridley, A. E. Brooke, Parrott Building, San Fran- 

COD chGbea see sbaal cease err ekinees swaceert June 21, 1898 
Roebling’s Son’s Co., John A., 25-27 Fremont St., 

SRE NOISE s 55 0566 -oseoSopiess sxoene ane Feb. 26, 1898 
San Francisco and San Mateo Electric Railway Co., 

SR MEINOD so cine cue si oat dasoueokwent .June 19, 1900 
San Francisco Gas and Electric Co., 415 Post St., 

BA RIB 66s cecasickcuns xexecusvees ae June 21, 1899 
Southern Pacific Company, San Francisco........ June 19, 1g00 
Union Iron Works, San Francisco................ June 19, 1900 
Union Lumber Co., San Francisco................ June 19, 1900 


Wagner Electric Manufacturing Co., St. Louis, Mo. 

(address communications to 120 Sutter sreeet, 

BORE PIO) ns 5s sini Semeibiey eco yao June 21, 1899 
Washburn & Moen Manufacturing Co., 8-10 Pine 

BiPRCL SAW PLANCISCS «oo 6 oes. sos ccwawes March 21, 1898 
Westinghouse Electricand Manufacturing Co., Mills 

BuUding Saw PLANCisECS ..<.650.0 osicses. 0s sis'0evs June 21, 1898 


Total Associate Members, 26 


SUMMARY, 
ee eee 5 
CC a ae ee a 24 
RaeOeete MECMIBES «...0566 occ viicnids conc sedvins 26 
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INDUSTRIAL GAS. XV. 
BY FRANK H. BATES. 
[CARPENTER’S CONSTANT-PRESSURE CALORIMETER.] 
NE may be situated so as to render impossible the 
use of oxygen gas under high pressure, and to 


make imperative the selection of an instrument” 


with few accessories. Prof. R. C. Carpenter of 
Sibley College, Cornell University, has provided 
a calorimeter which somewhat resembles in principle the 
one described in previous numbers of this series of articles, 
ing heat to a body of water surrounding, the expansion 
of which is measurable by the rising of a column of water 
but designed so as to permit of more accurate determina- 
tions and more extended use. It provides a ready means 
for the determination of the calorific values of solid and 
liquid fuel, there being few observations required, and the 
use of all thermometers being obviated. 
Features which render this instrument of especial value 
when considering the practical requirements of the en- 
gineering profession, are: 
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The use of oxygen gas at a low pressure, 2 to 5 pounds 
per square inch; 

The employment of a combustion period of considerable 
duration, 10 to 20 minutes, insuring the ability of the 
operator to bring about complete combustion of all combus- 
tibles, obviating the necessity of a correction for residue, 

The use of comparatively greater weights of test samples, 
1 to 2 grammes, tending toward greater accuracy as re- 
gards average values. 

Description. ‘This instrument provides for the com- 
bustion of a fuel within a combustion chamber, which is 
arranged so as to permit of the conduction of the result- 
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FIGURE 38. 


within a glass gage, thus affording a factor which, taken 
with the calibration constant, is readily converted into 
heat units per unit of weight of fuel. 

Figure 38 is a sectional view of the body of the instru- 
ment; Figure 39 a view with pressure-gage attachment, 
and Figure 4o an outside elevation. 

The instrument consists of an outer shell or casing (4), 
nickel-plated and polished on the inner surface to reduce 
radiation, containing a calorimetric bath resting on the 
strips of felting (5 and 6) and within which is situated a 
combustion chamber (15) with a removable bottom, car- 
rying the igniting device. The bath or water c1iambe2r 
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connects with an open glass tube (9 and 10) provided 
with a graduated scale. The adjustment of the water 
level within the glass tube or gage is provided for by 
means of the movable diagram (12) which is regulated 
by the screw (14) The water level may be, in this way, 
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FIGURE 39. 


brought to the zero mark of the scale. A funnel for fill- 
ing the water chamber, with the valve (37), is also made 
use of for emptying. 

Glass peep-sights are inserted at 34 in the water chamber 
and af 36 and 33 in the water casing and combustion 
chamber respectively, and permit of an observance of the 
progress of combustion. 

The removable bottom of the combustion chamber con- 
sists of a plug made up of alternate layers of rubber and 
fibre, enclosed by a shell of metal, which makes contact 
only with the wall of the water chamber, thus providing 
for the conduction of all heat, due to combustion, to the 
water body. ‘Through the plug passes centrally the tube 
23, with valve at 25, for admitting oxygen gas; and near 
the sides, through vulcanized fibre, pass two wires adjust- 
able in a vertical direction and connecting at the inner 
ends to a wire of platinum. ‘The outer ends are connected 
to the electric current, and arranged with a button switch, 
the whole forming an igniting device. 
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The plug also supports the asbestos combustion dishes, 
22, and 0a its top is fastened a silver mirror, 38, to deflect 
the heat. The gases resulting from the combustion pass 
off by the spiral tube 28, 29, 31, 30, to the small chamber 
39, and finally exit through a pin-hole outlet, 41. The 
chamber 39 is attached to the calorimeter by brackets and 
is arranged with a U-tube or pressure-gage, 40. 

Calibration. Calorimeters are calibrated previous to 
shipment by the makers, but it is always well to verify 
this work, and in event of the renewal of the glass tube 
or gage it becomes necessary. ‘This instrument may be 
calibrated by means of naphthalin (naphthalin in com- 
plete combustion evolves 9692 calories per kilogramme, 
according to Berthelot, or the equivalent, 17445 British 
thermal units per pound) or by the use of carbonized 
sugar, as advised by Hemple* and prepared by re-crystal- 
izing the purest commercial sugar several times and ignit- 
ing it in a refractory crucible in a very hot coke fire. 

The following method 
and routine to be pur- 
sued in calibration and 
operation is largely as 
advised by Prof. Car- 
penter. ft 

1. Makeapure coke, 
reduce some soft coal to 
powder, fill a porcelain 
or clay crucible two- 
thirds full, cover it air- 
tight, glow it with a 
blast-lamp or in a forge 
fire for one hour. If 
cold, grind it in a mortar 
to a very fine powder. 
Repeat this operation. 

2. Remove gland avd 
hexagon  plug-screw 
from top of calorimeter 
and fill it with water. 
Close the plug-screw 
and connect the glass 
tube opening by some 
rubber hose or glass. 
tuke with a smaller ves- 
sel filled with water. 
Boil the water in the 
calorimeter body; this 
may be done by a bun- 
sen burner, protecting 
the calorimeter by a thin 
sheet of asbestos. Place 
the instrument in such 
a position that the glass 
tube opening may be its 
highest point and so enable all air and steam to pass 
through the connection to the smaller vessel. Also keep 
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FIGURE 40. 


*See ‘‘ Methods of Gas Analysis’’—Hemple. 
{See “‘ Experimental Engineering ’’— Carpenter. Changed slightly to con- 
form to the writer’s general arrangement and enlarged upon. 
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the water in the smaller vessel boiling until the calor- 
imeter has fully cooled off. Remove the rubber connec- 
tiors, fill the glass tube with boiled water and screw it 
tight. ‘Take care not to allow it to pass so far into the 
calorimeter that any air will be trapped. 

Put about two inches of kerosene oil on top of the 
water column to prevent air from coming in contact with 
the water. Should it be found that the water in the col- 
umn stands too high after the calorimeter has taken the 
temperature of the room, loosen the plug and allow water 
to leak out slowly until the scale-reading is about two 
inches, then close it securely. 

3. If the instrument is ready for calibration, follow 
instructions given under operation. ‘The difference of 
weight between the weight of crucible aud carbon (coke) 
and the weight of crucible and ash is the weight of pure 
carbon burned. 

Multiplying 14540 (the author uses 14544) by the 
weight of burned carbon, we obtain the number of heat- 
units in the sample. 

(Continuation in next number.) 


A NOTE FROM THE PARIS EXPOSITION. 
BY A. VAN DER NAILLEN, SR. 


LTHOUGH the electric lighting of the Paris Exposition was 
a sad failure for a long time, and is not even yet a complete 
success, still the scenes of light which the visitor beholds 
on gala nights are really beautiful beyond description. 
Indeed, when the entire plan will be carried out successfully the 
sight will be truly marvelous. The electric palace will be a blaze 
of light; the Chateau d’eau with its wonderful electrically colored 
fountains; the Eiffel Tower with its thousands of incandescent 
lamps and powerful searchlight; the trees along gardens and 
walks, full of colored lights as if offering fruits of every hue to 
the visitor —all is as in a fairyland. As a work of art, the Expo- 
sition is an immense success, for all is beautiful. 
There is no doubt that the impartial visitor to the electrical de- 
partment, no matter from what country he comes, must adinit 
























































that Germany surpasses all other nations in its electrical exhibit. 
The colossal size of its machines, and the perfection of the work- 
manship thereon are remarkable. The Siemens & Halske and 
the Helios compauies are the principal exhibitors. England ex- 
hibits the most powerful dynamo of the Exposition. The Oerlikon 
& Brann works, of Switzerland, make an excellent display of 
dynamos driven by engines of the Sulzer type. Belgium’s exhibits 
also show that that little country keeps abreast of the times in 


electrical matters, and the cities of Liege and Ghendt in particu- © 


lar show some very meritorious electrical machinery. The United 
States is grandly represented by the General Electric, Westing- 
hoyse, Thompson-Houston, Fort Wayne and other companies, 
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and France also has a display that is greatly to its credit, es- 
pecially the exhibits from the works of Farcot, the Society of 
Nancy and yet more wonderful, the great alternator built in the 
gun works of the Creusot company. 

At one time, while in company with M. Gabriel Boreau, a young 
electrical engineer of much promise, my attention was brought to 
an especially interesting invention of M. Maurice Leblanc, which, 
it seems to me, will be of value in American electrical engineering 
practice. This invention consists of a device which is arranged 
as shown diagrammatically in the accompanying figure, and is an 
exciter for constant-potential alternators. When the armature re- 
actance upon the field coils is great, the alternator makes the best 
use of the materials utilized in its construction, but if the excita- 
tion of this alternator is from a current of fixed or constant 
intensity, the voltage of its armature output will vary largely in 
accordance with the output since the armature reaction upon the 
fields depends upon the output. 

M. Leblanc’s device for improving upon this situation consists 
of a peculiar exciter containing two rings, A and #, securxed to a 
common shaft. Ring A, which is covered with several circuits of 
insulated wire, constitutes the revolving field, these several circuits 
being placed in series with the corresponding circuits of the alter- 
nator. The ring / is constructed in the same manner with the 
difference that its circuits are placed in parallel with the circuits. 
The rings A and #2 must be placed at defined angles to each 
other. A third covering of wire, W, envelops the rings 4 and #, 
ending at the commutator C, from which direct current is taken 
for the excitation of the alternator. The fields used on this device 
are of an ordinary direct-current bi-polar form. I will not attempt 
to calculate here — for the calculations are very long —the speed 
at which this apparatus must revolve to attain the desired results, 
but it may be stated that the results are very good and that, in 
case of need, this exciter may be converted into an alternating- 
current-direct-current transformer. 

Paris, June 8, 1900. 





Obituary 


ALEXANDER §. PIKE, manager of the San Francisco office of the 
Columbia Incandescent Lamp Company and of the Wagner Elec- 
tric Manufacturing Company, died very suddenly in San Francisco 
on July 14th, at the age of 29 years. Mr. Pike was born in Brook- 
line, Mass.; he attended the Massachusetts Institute of Tech- 
nology and entered the electrical field in 1890. Until the fall of 
1896 he was superintendent of the testing department of the 
Missouri Company of St. Louis, when he resigned to enter the 
commercial side of the electrical business, Although Mr. Pike 
was best known in the middle West, he had, in the comparatively 
few months that he had been located in San Francisco, made 
many friends, who, in recognizing his sterling worth and ability, 
were greatly shocked to learn of his sudden death. Mr. Pike was 
unmarried, and his remains were interred at St. Louis. - 





HEALD’S GRADUATES FOR 1900. 


Following is a list of graduates in the electrical department of 
Heald’s Business College for the term ending June 30, 1900: 

California —M. V. Clarke, *A. Bullen, *P. Hildebrand, F. J. 
Osborn, *M. J. Sullivan, Geo. Crowley, *H. A. Wallace, *Christo- 
pher Shaw, S. C. Curtis, Hans Drews, A. Hendricks, *Joseph 
Kleber, of San Francisco; H. E. Clark, Afton; Guy F. Ruley and 
A. Freuler, Oakland; Raymond Church, Petaluma; Clyde E. 
Brown and Samuel Brewster, Carbon; J. A. Boyle, Lorin; J. E. 
Jaquish, Cedarville; *F. S. Beckett, Grizzly Flat; Thomas Hand- 
ley, Lakeview, Or.; *Wm. Brannan and *Clifton Bailey, Virginia 
City, Nevada. 

Graduates whose names are marked thus * are already in em- 
ployment. Nearly all of these positions were secured by the 
school, 








